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THE METABOLISM AND INSULATION SEALS 
BARE-SKINNED MAMMALS COLD WATER! 


LAURENCE IRVING? AND HART 


Abstract 


The metabolic rate five harbor seals (Phoca vitulina) and two harp seals 
(Phoca groenlandica) was measured over temperature range 25° 
air and 20° water. Surface temperatures and tissue temperature 
gradients were also determined. four normal harbor seals the critical 
temperature water was 10° C., and air was below —10° (estimated 
—30°C.). One seal had much higher critical temperature and 
abnormally high metabolic rate. critical temperature was found harp 
seals water above 0°C. surface temperatures and tissue gradients 
reflected the metabolic response cold, with cool surfaces and deep gradients 
(well insulated harp and harbor seals) corresponding low metabolism cold 
water and with warmer surfaces and shallow gradients (poorly insulated harbor 
seal) corresponding high metabolism cold water. Metabolic economy 
the seals ice water was preserved exceptional cooling all body surfaces 
(to about C.), which cooling provided protection comparable that fur 
large land mammals coldest climates. 


Introduction 


The greatest difference between the temperature the environment and 
that the warm body that animal can sustain with resting metabolic heat 
production can used defining the greatest resistance that the body can 
oppose the escape heat (17). This resistance most conveniently called 
insulation. large enough among the birds and mammals which are 
adapted arctic life enable them live arctic air with only the expendi- 
ture metabolic energy the resting rate. The nature the insulation 
not specified this manner its definition, which includes all the methods 
which bodily heat conserved, but the thick fur and feathers covering the 
body arctic animals provide large component their over-all insulation 
(Scholander al. (18)). Under this thick fur Irving and Krog (6) have 
shown that the skin the bodies arctic mammals regularly about 
warm that clothed man under comfortable conditions (6). 
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Quite contrast the condition the body, the skin and deep tissues 
the bare thinly covered extremities arctic animals cool markedly cold 
air. default adequate fur feathers, the insulation the extremities 
provided different manner, their cooling signifies. The effectiveness 
this method insulation well illustrated the web-footed birds, which 
could not long provide the energy for living icy waters their feet had 
kept warm. 

Unlike the fur-covered mammals, swine with their bare skin meet cold 
weather with cooling the skin and superficial tissues their bodies. This 
cooling superficial tissues occurs well-regulated relation air temperature 
and activity (Irving (7)). represents the operation important part 
effective over-all insulation, for two young boars Alaska did not 
elevate their metabolism until the surrounding air was cooled below 
(Irving al. (8)). The large differences temperature between the skin 
and body swine permitted description thermal gradients through the 
superficial tissues which characterize the operation the variable insulating 
system the body. The contrasting small tolerance cold civilized man 
has made him poor experimental animal which attempt work out 
the physiology insulation animal without fur. 

Encouraged the large dimensions found the system which swine 
insulate their bare bodies have turned examination insulation 
northern hair seals which the icy waters that they inhabit are exposed 
environment with great cooling power. From earlier measurements 
knew that warm summer air St. Andrews, New Brunswick, and cool 
water Oslo young hair seals had the same metabolic rates (4, 14). These 
similar results indicated that seals could regulate their insulation suit 
environments with small large cooling power. the outset was also 
apparent that layer fat seal could not serve the regulatory changes 
insulation which must suit the large natural variations cooling power 
environment and which must adjust the sudden and great changes 
which occur the metabolic production heat. also knew that when 
properly handled, metabolic and circulatory reactions seals could experi- 
mentally observed during long periods and with repeated regular results. 


Experimental Animals 


Five harbor seals captured Boothbay Harbor, Maine, were examined 
December St. Andrews, New Brunswick, when weighing from kg. 
Two harp seals captured the Magdalen Islands were raised Grande 
Riviére, Quebec, and transported early December St. Andrews. There 
the seals lived enclosure near the mouth the St. Croix River. They 
were most the time water which between December and was 
recorded vary between and 3°C. The air was usually colder. 

Harbor seals the American North Atlantic, Phoca vitulina concolor 
Kay, live coastal waters far north Cape Cod the arctic coasts. 
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During several arctic winter months they not leave the ice-covered waters. 
Harp seals, Phoca groenlandica Erxleben, migrate extensively offshore the 
North Atlantic, much frequenting the margins the pack ice (11). 


Methods 
Metabolism 

The seals were restrained board, like that devised Scholander (14). 
nose mask was prepared from plumber’s force cup, perforated the seat 
for the handle and provided with sheet metal collar extended rubber 
dam which fitted closely over the head. noticed earlier (4), seals quickly 
become relaxed under restraint and not seem mind the mask. Each 
seal was tested two four temperatures per day air well-stirred 
water during hours each temperature. 

From the mask the expired air was separated through respiration valve 
into Douglas bag, and collected during 10-minute periods three four 
times during the second hour exposure regulated temperature. Samples 
were taken for analysis with the Scholander (16) analyzer and the volume was 
metered. 


Temperature 

Temperatures the skin were measured the application No. 
Fe-constantan thermocouple the mm. end wedge-shaped stick. 
The short hair the body completely wetted and lies flat that its thick- 
ness imperceptible, probably less than mm. Measurements repeated 
one spot agreed within +0.5°. air the surface measurements were more 
variable. 

Because the great heat capacity water, temperature differences 
+0.5° represent considerable variation its cooling power. Such temperature 
differences would only insignificantly affect cooling air. ice water, the 
temperature change the center the body about 35°. relation 
this difference the accuracy skin temperature measurements satisfactory. 


Temperature gradients were determined two methods. Method 
Thermocouples No. gauge hypodermic needles prepared John Krog 
(10) were inserted through subcutaneous tissues depths measured 
scale placed parallel the emergent shaft the needle. When tested 
temperature gradient gelatin the method described Irving (7) the 
gradient points were established within +0.2° practical experi- 
mentation the accuracy was probably less, but still set all points 20° 
gradient cm. within +0.5° mm. Method very useful device 
for measuring temperature gradients was prepared for Peyton (13). 
Along No. iron common conductor about 10, No. constantan junctions 
were soldered measured distances for 8cm. The series couples and 
leads wrapped silk were enclosed No. gauge hypodermic needle. 
When inserted tissue the covering shaft the needle could withdrawn, 
leaving the needle point place and the gradient couples exposed and con- 
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nected only slender conductors. The accuracy this device tested the 
known gradient through gelatin was the limit the instrumental measure- 
ments, about +0.1° and mm. 


Results and Discussion 

Resting Metabolism 

The metabolism the seals air and water shown Fig. water 
colder than 10° (the critical temperature) the average metabolism four 
harbor seals increased rate. The highest rate was 37% above the 
thermoneutral rate. such increase metabolism was observed air. 
One harbor seal, called because its small size and thin blubber allowed 
the ribs show they skinny short-haired dog, had exceptionally 
large metabolic rate which increased water colder than 20°. increase 
metabolism harp seals water and hence definite critical temperature 
was found. 


-20 -10 ° 10 20 30 


TEMPERATURE °C 


Fic. “runt’’ (@) and four normal harbor seals air and 
water (@) and two harp seals air and water various temperatures. 
Each point the average result three four samples air expired minutes. 


order compare the standard metabolic rates animals different 
size their oxygen consumptions (above 10° water and above air) 
have been related Table the power their weight (9). The average 
oxygen consumption four harbor seals was 19.3 Among 
measurements air and water, the greatest difference from the average 
was 18%. The standard error the mean 0.55 
This difference between metabolism air and water warmer than 10° was 
not significant, was anticipated from the close agreement metabolic 
measurements earlier made air St. Andrews Irving (4) and water 
Oslo Scholander (14). 


6 
. 
e 
COLO ° 
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TABLE 


METABOLISM SEALS AIR AND WATER WARMER THAN THE CRITICAL TEMPERATURE 


No. consumption 
10-min. 

Number periods kg. ml./min. R.Q. 
Harbor seals 

31.3 266 20.0 0.75 

35.6 287 19.7 0.74 

41.0 332 20.4 0.75 

26.8 230 17.3 0.75 

Average 19.3 

19.4 297 32.0 0.71 
Harp seals 

41.7 248 15.1 0.72 

35.4 245 16.9 0.70 


The respiratory quotients are similar all seals (Table and earlier 
studies (4, 14), indicate that fat was largely metabolized. There was 
difference R.Q. below the critical temperature. 

When the resting metabolic rates harbor seals are plotted against their 
weights (Fig. the resting metabolism found three separate studies 
about double the rate for mammals their size the 
curve defined Kleiber’s formula (9), 


kilogram calories per day 


CALORIES PER 24 HR. 


HALICHOERUS 

A PHOCA GROENLANDICA 1955 
@ TRICHECHUS 

@ CYSTOPHORA 

O MAN 

@ PHOCOENA 

@ TuRsioPs 

X PHOCA VITULINA 1955 

@ PHOCA VITULINA 1935 


100 1000 
BODY WEIGHT, Kg. 


Fic. Basal metabolism seals, porpoises, and manatee relation 
metabolism curve for land mammals. 
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The metabolism the two harp seals was about 1.5 times the 
values for their size. Our harp seals appeared placid and slow contrast 
with the alert and nervous harbor seals. During the week while they were 
under observation the harp seals would not eat, but fasting not necessarily 
abnormal for them because when wild they abstain from feeding during long 
oceanic migrations. Both harbor and harp seals, like Scholander’s (14) 
vitulina, Cystophora, and Halichoerus had high metabolic rates under condi- 
tions which can considered suitable for basal metabolism. 

Another bare-skinned aquatic mammal, the bottle-nosed porpoise, Tursiops 
truncatus, the Florida coast also had high rate resting metabolism 
although inhabiting warm water (Irving (5)). The metabolic rate 
the Florida manatee, manatus latirostris, was almost much lower 
than the standard curve the seals and porpoise were higher (Scholander and 
Irving (15)). bare-skinned land animals, man fits the standard curve 
while young boars were found much higher respect metabolic rate 
were seals (1, There comparison among the several bare-skinned 
species which suggests that terrestrial aquatic life any climate has 
established the level their specific metabolic rates. 


Critical Temperature and Over-all Insulation 

Measurements metabolism number arctic and tropical birds and 
mammals can related temperature terms the modified form 
Newton’s law cooling shown Scholander al. (17), 


where central body temperature, critical temperature, the 
maximal over-all insulation the body, and the thermoneutral heat 
production. constant denoting the units measurement. The critical 
temperature the lowest environmental temperature which the animal can 
maintained without elevation thermoneutral metabolic rate 
and are known, can calculated from this equation. The critical 
temperatures and thermoneutral metabolic rates air are known for three 
species bare-skinned mammals, man, pig, and seal. These data and the 
calculated maximal insulation are compared Table II. Our harbor 
seals’ insulation water was times great Burton and Bazett’s (2) 
man and the harp seals’ insulation was times larger. 

The influence metabolic rate the critical temperature may illustrated 
comparison the seals with the Florida manatee. With their low metabolic 
rate (0.6 times standard for their size) and with over-all insulation comparable 
value that harp seals for the manatee would 0.6 
13. Their critical temperature would then 23°. Moore (12) cites various 
reports attributing the death Florida manatee the occurrence 
weather which was cold only comparison with the usual warmth Florida. 


Temperatures the Skin the Body Air 
Our harbor seals and harp seals were rather uniformly covered their 
bodies with stiff nearly erect hairs which were about mm. length. The 
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bodies the arctic seal, Phoca hispida, are similarly covered with hair which 
air provides exterior insulation little more than mm. thickness. 
Although this insulation not insignificant small comparison with the 
mm. thicker fur covering large arctic land mammals winter (Scho- 
lander al. (18)). Differences degree dryness the skin contributed 
the variability observed. Nevertheless, the skin temperature was found 
lower with cooling air (Fig. 3). Temperatures observed the seal’s skin did 
not fall quite low had been found swine with their truly bare skin. 
The coolness the seal’s skin cold air, however, contrasted with the warmth 
skin under the thick fur arctic mammals and comfortably clothed man, 
which even arctic winter not kept temperatures below 30° the 
body, difference from central body temperature (Irving and Krog 
(6)). ice water, the seal’s skin can maintained temperatures low 
1°C., difference 36° from central body temperature, indicating that 
superficial cooling can five times effective that arctic mammals 
conserving heat. The bare feet arctic birds and mammals can also cool 
near freezing temperatures, and, like the body skin seals, warm near 
body temperature (6), that the flexibility their insulators comparable. 


Temperatures the Skin the Body Water 

water the seal’s hair wetted and applied closely the skin layer 
scarcely millimeter thickness. Average temperatures measured the 
skin four Phoca vitulina (Fig. were from warmer than the water, 
with the greater difference ice water. The significance the small normal 
difference between skin and water best illustrated the large difference 
between skin and water (Fig. and high metabolic rate (Fig. the smallest 
seal examined. The metabolism the runt seal was exceptionally large 
that was disregarded compiling the average normal metabolic rates. 


4 © © 4 HARBOR SEALS 
Shee "RUNT* 
Ho @ 2 HARP SEALS 


AIR WATER 


Fic. Skin temperature four normal harbor seals water (@) and air (O) 
various temperatures. The higher skin temperatures the seal water are 
circled and marked with The lower skin temperatures air and water the harp 
seals are circled and marked with 
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The warmer than usual skin the body this very lean and exceptional seal 
illustrates the nature the deficiency its underlying tissue insulation, which 
could only counteracted the large observed metabolism maintaining 
normal interior body temperature. 

The smallest differences between skin and water temperatures appeared 
the harp seals ice water (Fig. 3). Similarly, the smallest difference between 
skin and 10° air appeared harp seals. The small difference indicative 
the superior over-all underlying insulation means which, even with their 
smaller resting metabolism, they can have lower critical temperature than 
harbor seals (Table 


TABLE 


CRITICAL TEMPERATURES, RELATIVE METABOLIC RATE, AND INSULATION OF MAN, YOUNG 
BOARS, HARBOR SEALS, AND HARP SEALS 


Critical Metabolic 
Medium Species rate Insulation 
Young boars 1:5 
Harbor seals Below 2.0 
Harp seals Below 1.6 


*Erikson al. (3). 

and Bazett (2). 
Topographic Variation Surface Temperature the Body 

The surface temperatures skin freely exposed the water different 
topographic situations agree pretty well adjacent areas over the back. The 
head was usually warmer than the back. did not examine the 
considerable undersurface, which was closely applied the 
tions the liability temperature control the skin the body were shown 
when section the back protruded for few minutes after more than 
hour ice water into air exposed area roughly the 
wet skin quickly warmed 17° while the adjacent submerged surfaces were 2°. 
Local changes exposure brought about quick changes temperature those 
locations the skin accordance with the cooling power the local condi- 
tions the skin surface. 


The Cooling Effect Water and Air 

air and water warmer than 10° the metabolism seals was found 
similar. Consequently, the same amount heat was flowing air 
water from the seals’ surface through the resistance insulation which was 
afforded the conditions for transfer heat from skin the two media. 
With equal heat flow the resistance insulation exterior the skin would 
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proportional the differences temperature between skin and its sur- 
roundings. 20° air the skin was about 30°, 20° water the skin was about 
20.8° (Fig. 3). Under these conditions, 


insulation from skin air 
insulation from skin water 


air and water 10°, 


skin water 11.2 1.2 


For maintenance the same heat flow and from the skin the insulation 
the subcutaneous tissues must then least times great water 
air. This view that the insulation exterior the skin must also equalled 
the tissues underlying the surface the skin valid only when the center 
the body kept constant temperature normal metabolic rate. The 
dubious assumption these calculations that changes skin temperature 
area the body represent the behavior the over-all insulation, and 
the results, while plausible, are speculative. 

the seals’ metabolism air stimulated the attainment the same 
skin temperature (about 11°) occurs the critical temperature water, 
extrapolation from Fig. indicates that the skin would reach 11° air 
about —30°C. this estimate even arctic winter air our small harbor 
seals would hardly need expend more than resisting metabolic heat for 
combating cold. Harp seals, and possibly large harbor seals, would also not 
need expend more than basal metabolic energy for heating ice water 
the coldest arctic air. The same metabolic economy presumably can 
attributed the other bare-skinned seals, walruses, and whales living cold 
waters. 


Temperature Gradients the Superficial Tissues 

successive measurements carried out the back during several hours 
one seal, gradient measurements showed some variation during constant 
external conditions. The variability repeated measurements after half 
hour constant external temperatures indicated the scatter measure- 
ments plotted about each curve Fig. believe that the measurements 
were accurate within +0.5° and about +5% depth. The variations 
observed therefore represent real physiological fluctuations temperature 
characteristic the gradient curve. 

Two distinct curves Fig. for harbor seal No. show the means 
temporal variations observed the gradient characteristic the tissue 
insulator the body air and water 10°C. Since, the two media, 
thermoneutral metabolic rates were observed, the total heat flow from the 
seal was the same the two conditions. Although one point the body’s 
surface does not represent the average surface dissipation heat, the differ- 
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Fic. Temperature gradients the body seals various air and water tempera- 


tures. Ordinates give both medium temperature (outer line) and tissue temperature 

(inner line). 
ence between the two gradients illustrates the change the insulator evoked 
some 10-fold difference cooling power the medium surrounding the 
seals. 

The greatest difference tissue gradients harbor seals was seen curves 
seal No. air 25° and water (Fig. Here the curve changed 
both slope and length. 

single small seal called showed unusually high metabolic rate 
Its gradient curves (Fig. lower left), illustrating the characteristics 
the body’s insulator when inadequate preserve normal temperature with 
basal metabolism, are all short and steep without change length. Judging 
from the seal’s metabolism, the curves for three temperatures water illus- 
trate the gradients during three rates heat flow all which exceeded the 
normal rates. 

The maximal over-all insulation, shown the basal metabolism harp 
seals ice water, illustrated the long gradient curve Fig. lower 
right. The over-all insulation the harp seals was about 50% larger than 
harbor seals (Table feature these curves was their sigmoid shape, 
which think real, for was present less extent the gradients 
some harbor seals (Fig. upper right). 

Two variable characteristics the insulator the seal’s body can 
represented comparison the difference temperature between skin and 
interior tissues with the length the insulator* found gradient measure- 


_*Temperatures approach maximum only very gradually. order have definite 
ending, have taken the end the gradient its attainment within 0.5° the highest 
temperature recorded. 
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ments (Fig. 5). Each point taken from the mean gradient curves 
measured repeatedly during least hour stable conditions. The distri- 
bution plotted gradient dimensions the insulator harbor seals shows 
the length gradient increasing from roughly mm. the temperature 
difference increased from 36°. 


BODY —SKIN TEMPERATURE °C 


° 10 20 30 40 50 60 70 80 
GRADIENT LENGTH mm 


Fic. Relation between temperature difference (deep body temperature) and 
its the gradients four normal harbor seals, the seal (R), and harp 
seals (H). 


Temperature Flippers 

Measurements temperatures the flippers are complicated their 
heterogeneous surfaces. Fig. (seal No. metatarsal surfaces the 
flippers are shown have been cooler air than the body. While 
preparing the seals for experimentation the flippers usually felt cooler than 
the body, but occasionally they were noticed feel much warmer. warm 
air the subcutaneous temperatures the web the flippers were shown 
considerably warmer than the surfaces either flipper body seal No. 
but cool cold air the subcutaneous web temperatures are shown have 
been cooler than the body surface seal No. and seal No. These web 
temperatures fluctuated more than the body, shown the sudden rise 
17° seal No. the seal was removed from the cold room room 
10° before immersion water. About hour after immersion water 
10° the web temperature again suddenly rose 17° without any other change 
the condition the seal being noticed. 


Cyclic fluctuations were recorded the temperature the web seal 
No. (Fig. largest that sequence, 7°, occurred the board was 
struck sharply, but repeated striking brought change. Some fluctuations 
were also noticed the subcutaneous tissues the body, shown the 
various gradient points each air water temperature Fig. The 
largest these changes observed shown seal No. (Fig. 6), when the 
temperature mm. deep under the body skin rose 16° and then subsided. 
Thus any the superficial subcutaneous tissues, temperatures might vary 
while external conditions were unchanged, but the web the flippers was the 
more variable. The flippers appeared the quickest active surfaces 
varying heat dissipation. 
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TISSUE TEMPERATURE 
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TIME MINUTES 


Fic. Tissue temperature variation with time harbor seal No. (upper) and No. 
(lower) under various temperature conditions indicated. 


(@) Subcutaneous, web hind flipper. (A) Body skin back. 
(X) Surface, over metabasal bones hind flipper. deep body. 
The small mass the flippers removes the damping effect upon temperature 
change which exerted the large mass the body. But the changes 
the flippers are more obviously attributable sudden changes blood flow. 
The temperature gradient the flippers was more pronounced axially than 
depth, the following example shows: 
Water 
Skin body 7.8° 
Web between phalanges 7.8° 
Deep among metacarpals, 


cm. from body 15° 
2.5 cm. from body 
Body-deep 37° 


All the temperatures recorded superficial tissues show their changes 
that they are maintained flexibly operating vascular system. the 
flippers the steep axial gradient suggestive heat exchanging system 
reminiscent the axial gradients reported the limbs some arctic birds 
and mammals (Irving and Krog (6)). Vascular arrangements suitable for 
heat exchangers the fins and flukes porpoises have been described 
Scholander and Schevill (20) and evidence rapidly accumulating indicate 
widespread use these devices for conserving heat (19). The occasional 
warming the flippers above the air water shows that their vascular 
systems are used dissipate heat and that they can operate distinctly from 
the surface the body components the over-all insulation. 
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Gradients Relation Metabolic Rates 

The importance the correlation between gradients and metabolism this 
study summarized Fig. utilizing the extreme individual variability 
the data. one extreme the runt, with very steep gradient and relatively 
warm skin ice water, had the highest metabolic rates and critical tempera- 
ture. Seal No. with considerably deeper and less steep gradient, and with 
much lower skin temperature, had metabolic rates that were close the 
average our four normal seals. Finally, harp seal No. with still deeper 
gradient and lower skin temperature, was able compensate completely for 
change temperature, since there was elevation metabolism even ice 
water, where the environment exerts the greatest cooling effect encountered 
mammals. While the body gradients not completely define the living 
insulator, Fig. shows that they are important factor the metabolic 
response cold and suggests the direction for further study species differ- 


ences and seasonal changes. 
GRADIENT METABOLISM 


WATER TISSUE 


SEAL 


TEMPERATURE 


° 10 20 30 40 
DEPTH MM. TEMPERATURE °C 


Fic. tissue temperature gradients three seals ice water (left), 
with metabolic response temperature the same three seals (right). 


Conclusions 


While the local insulation seals has not yet been defined terms heat 
flow, gradient measurements have illustrated important characteristics the 
insulator’s operation the conservation heat. Because cooling super- 
ficial tissues, metabolism harp seals was not elevated above normal even 
ice water, where the environment exerts the greatest cooling effect encoun- 
tered mammals. Young harbor seals also showed effective peripheral 
cooling but with small elevation metabolism ice water. Thus 
indicated that cooling the living tissues factor the insulation these 
bare-skinned mammals that can give protection comparable that the fur 
the large land mammals, with the obvious advantage over fur the facile 
control vascular heat transfer through living tissue, especially during 
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exercise. The same insulative adaptation may also sought other seals, 
walruses, porpoises, and whales that inhabit cold water, and which probably 
can live with the same metabolic economy mammals milder climates. 

Normal activity bare-skinned mammals ice water indicates that their 
superficial tissues are sensitive and nourished circulation while degrees 
cooler than the warm body. These cold tissues can, however, warm nearly 
body temperature from exercise the temperatures the air changes. 
aquatic poikilotherm could quickly endure such change temperature. 
Few aquatic poikilotherms are even slowly adaptable such change and 
during their evolutionary history some large taxonomic groups have remained 
confined within much narrower ranges temperature. The thermal distinc- 
tion warm-blooded animals from poikilotherms that the homoiothermism 
their bodies sustained the heterothermism superficial tissues. 

the heterothermous animal there the opportunity examine the 
system integration which keeps the animal connected and consecutive 
operation individual. this direction that may profitably look 
for evidence the essential operation integration and the origin well 
homoiothermism. 
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ASPECTS QUANTITATIFS DES BESOINS MINERAUX DES 
LARVES TRIBOLIUM CONFUSUM DUVAL 


POURCENTAGE OPTIMUM D’UN MELANGE SALIN! 


Abstract 


The quantitative requirements the larvae Tribolium confusum are 
studied. For optimal growth, the larvae require salt mixture 
No. U.S.P. XIII. For the imaginal metamorphosis, must add least 
the salt Mixture. The requirements the male and female are absolutely 


identical. 


Introduction 


Nous savons trés peu chose sur les besoins des insectes sels minéraux, 
cela est particuliérement vrai pour les larves Tribolium confusum. 
Nous connaissons effet qu’un seul travail sur nutrition Coléoptére 
sels inorganiques: Nelson Palmer (11) ont démontré que, chez con- 
durée stade larvaire est relation directe avec teneur 
phosphore régime. 

Les pourcentages mélange salin couramment utilisés dans les travaux 
sur nutrition des larves Ténébrionide varient entre 5%. 
(7) ajoute ses régimes mélange salin d’Osborne Mendel; 
Barton-Wright (1) utilise méme mélange; Offhaus (12) n’en ajoute 
que 33%; enfin Chiu McCay (2), 3%. Rosenthal Reichstein (13) 
complétent leurs régimes avec mélange salin McCollum, tandis que 
Fraenkel Blewett (5) n’en mettent que 1%, selon utilisent 
non levure comme source vitamines. Lemonde Bernard (8) ajoutent 
n’a cependent déterminé teneur optimum mélange salin dans régime. 

Dans cette premiére partie notre travail, nous avons recherché 
pourcentage optimum mélange U.S.P. XIII nécessaire croissance 


Méthodes expérimentales 


Nos méthodes d’élevage sont partiellement inspirées celles déja décrites 
ailleurs (3, 8). Nous n’en donnerons donc ici qu’un bref 

Voici comment nous procédons pour vérifier des larvules mises 
expérience. moyen sas appropriés, nous récoltons les ceufs dans des 
cultures jours. Nous déposons ces ceufs dans bocal qui 
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contient aucun aliment que nous dans une étuve spécialement 
aménagée pour des insectes. Quinze heures plus tard, nous étendons 
ces ceufs sur papier et, aprés quelques minutes, nous soulevons des 
cétés Les ceufs roulent les jeunes larves écloses restent 
agrippées par centaines sur papier. Nous obtenons ainsi des 
heures. 

Pour chacun des régimes mis nous prélevons larves divisées 
lots 10. Ces larves sont déposées dans des bouteilles mesurant 
pouces hauteur par pouce diamétre contenant régime. 
Les bouteilles sont ensuite rangées dans température est 

Pour juger valeur nutritive des régimes, nous tenons compte temps 
que mettent les larves pour devenir pupes adultes. Dix-sept jours aprés 
début nous faisons une premiére inspection des bouteilles. 
Puis, dés l’apparition des prépupes, nous visitons les régimes tous les jours. 
Nous enregistrons nombre pupes obtenues temps qui leur été 
nécessaire pour atteindre stade. Les pupes sont placées dans petits 
tubes cultures, qui contiennent peu farine afin garder 
dans son milieu normal. Nous observons ensuite temps que prennent ces 
pupes pour parvenir stade adulte. 

Nous avons tenu compte sexe tous les individus mis expérience 
afin dépister une différence possible dans des minéraux par les 
par les femelles. 


Composition des diétes 
Nous détaillons dans tableau composition régime base utilisé 
TABLEAU 


REGIME BASE UTILISE DANS L’ETUDE L’IMPORTANCE DES 
MINERAUX DANS NUTRITION DES LARVES Tribolium confusum 


par 
Principaux ingrédients Vitamines régime 
Caséine 20.0 Chlorhydrate thiamine 
Cholestérol 1.0 Riboflavine 
Sucrose 79.0 Chlorhydrate pyridoxine 
Acide nicotinique 
Pantothénate 
Choline 1500 
Biotine 0.05 
Acide folique 0.2 


Voici comment nous fabriquons régime. premier lieu, nous pesons 
nous ajoutons les vitamines solution aqueuse. Aprés avoir desséché 
durant heures, nous broyons mélangeons tout dans moulin 
billes, que nous laissons tourner durant moins heures. 


Nous divisons premier mélange plusieurs portions; 
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puis nous 


ajoutons des quantités différentes mélange salin toujours nous portons 
Nous broyons mélangeons une derniére fois 
chacune des diétes pour les rendre plus homogénes possible. 


100 avec sucrose. 


Dans tableau II, nous présentons composition mélange salin 
U.S.P. XIII. est important noter que chacun des sels utilisés pour 
fabriquer mélange été préalablement desséché poids constant 
dans une étuve maintenue 80° 


TABLEAU 


Sels 


Orthophosphate monocalcique 


Lactate calcium 
Citrate ferrique 
Sulfate magnésium 


Orthophosphate dipotassique 
Orthophosphate monosodique 


Chlorure sodium 


par 100 mélange 


Formules chimiques Sel total Cation 
Ca(C3H;03)s 5H.0 32.70 4.25 
FeC.H;07 5H,0 2.97 0.495 
MgSO, 13.70 1.35 
23.98 10.76 
NaH2PO, H,0 8.72 1.45 
NaCl 4.35 


Résultats discussion 


Nous réunissons dans tableau III les résultats que nous avons obtenus 
dans recherche taux optimum mélange salin. 


TABLEAU III 


IMPORTANCE MELANGE SALIN U.S.P. XIII DANS NUTRITION 
DES LARVES confusum 


Mélange salin no 2 
XIII ajouté 
régime de base 


cations 


0.00 
0.02 


a 
x 


Nombre 
total de 
pupes sur 
30 larves 
0 0 
0 6 
12 13 
16 6 
15 9 
9 16 
16 9 
11 12 
11 14 
15 12 
12 11 
13 10 
11 16 
11 4 


Nombre total 

Nombre de jours requis pour d’adultes sur Nombre de jours requis pour 
atteindre le stade pupe 30 larves atteindre le stade adulte 
Temps Temps 
74.50+4.19 62-91 0 5 77.60+3.28 69-85 
40.56+0.91 32-49 10 9 48.05+0.94 40-54 
38.00+0.73 32-45 13 5 44.67+1.01 37-53 
38.75+0.79 34-48 14 6 45.70+0.86 40-53 
38.80+0.64 33-46 8 14 45.50+0.72 40-52 
38.84+0.70 33-45 16 9 45 .64+0.72 39-52 
38.61+0.50 33-44 il 11 45.73+0.59 40-52 
36.91+0.42 34-40 8 14 43.77+0.51 39-47 
36.44+0.54 32-41 11 14 43.28+0.65 37-48 
37.00+0.51 32-41 15 12 44.37+0.64 38-51 
38.83+0.65 33-45 12 11 45.83+0.75 40-53 
42.57+0.77 34-48 10 10 49.50+0.82 40-54 
42.22+0.93 35-51 11 16 50.33 +0.84 42-58 
57.53+1.79 47-72 9 4 64.85+1.79 56-78 
18.66+0.09 18-19 24-27 


0.1 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
8.0 
10.0 
15.0 
20.0 
F.B.E.* 
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L’analyse ces résultats démontre bien indispensable des sels 
inorganiques dans nutrition des larves confusum. effet 
compléte des minéraux dans régime empéche toute croissance; méme, 
aucune des larves mises essai n’a survivre. Avec trés faible 
pourcentage mélange salin, soit 0.1%, six larves ont atteint stade pupe 
cing ont réussi métamorphose imaginale. faut noter que ces six 
larves étaient toutes des femelles. Est-ce hasard Les seraient- 
ils plus affectés par une carence C’est point que nous 
sommes actuellement vérifier. 

Avec des pourcentages mélange salin variant 8%, les larves ont 
atteint stade pupe normalement n’y pas différence statistique 
significative entre les moyennes calculées. Cependant, pour faire parvenir 
les pupes stade adulte, quantité mélange salin doit étre peu plus 
élevée. effet, avec des quantités plus petites que 2%, plusieurs pupes 
sont mortes avant métamorphose imaginale. Elles brunissaient lentement 
finissaient par dessécher complétement. Nous verrons, dans une 
prochaine publication, que carence calcium causé cette anomalie. 
Par ailleurs, trop grandes quantités mélange salin retardent considé- 
rablement croissance plusieurs larves meurent avant pupaison. 
peut-étre d’un effet toxique. 

Les valeurs absolues qui représentent les moyennes optima dans tableau 
III varient entre 38.8 36.4 jours. Ces valeurs sont beaucoup plus élevées 
que celles obtenues antérieurement par Lemonde Bernard 
travail sur nutrition trois espéces Tribolium, Magis (10) 
n’a pas réussi reproduire exactement les résultats observés par Lemonde 
Bernard (8); obtenu des périodes larvaires beaucoup plus longues que 
celles calculées par ces deux auteurs. Pour expliquer ces différences, Magis 
(10) invoqué plusieurs arguments trés logiques dont, entre autres, une 
différence dans technique d’élevage. effet Lemonde Bernard (8) 
utilisaient des larves plus jeunes possible sans préciser exact, tandis 
que Magis (9) isolait des individus strictement ovo qu’il mettait expé- 
rience maximum heures cours présent travail, nous avons 
rigoureusement des larves mises essai. Nous avons méme 
été plus sévére que notre collégue belge puisque maximum nos 
larves était heures. Nous avons décrit plus haut, dans les méthodes 
expérimentales, notre procéder. 


nous comparons maintenant nos résultats avec ceux Magis (10), nous 
observons encore une différence marquée. effet, dans farine blé 
entier, tandis que Magis (10) obtient une moyenne jours pour durée 
stage larvaire, nous obtenons 18.6 jours. Cependant, dans les régimes 
artificiels sans levure, Lemonde Bernard (8) calculaient une période larvaire 
moyenne d’environ jours et, cours présent travail, est 
exactement nous observons une moyenne jours. Magis (10), 
dans les mémes conditions, obtenu une période larvaire jours. 


Les variantes dans technique d’élevage n’expliquent donc pas entiére- 
ment les différences notées entre les résultats des deux groupes chercheurs. 
Cette différence jours entre les résultats Lemonde Bernard (8) 
ceux présent travail, nous croyons pouvoir fait que nos 
larves sont que heures, alors qu’auparavant elles étaient 
peu prés jour. toute nous poursuivons actuellement 
une expérience qui nous permettra vérifier cette assertion. Comme Magis 
(10), nous croirions que les souches confusum différent génétique- 
ment. Fraenkel Leclercq (6) viennent récemment prouver, dans 
magnifique travail, l’importance ces différences génétiques. 

Nous présentons dans tableau les durées moyennes stade larvaire 
pour les pour les femelles. Les valeurs démontrent clairement 
n’existe aucune différence significative entre les moyennes calculées 
pour les deux sexes. Les besoins mélange salin depuis jeune larve 
jusqu’a sont donc identiques pour les les femelles. 


TABLEAU 


ENTRE DUREE MOYENNE PERIODE LARVAIRE CHEZ LES MALES CHEZ 
LES FEMELLES RECEVANT DIVERS POURCENTAGES MELANGE SALIN U.S.P. XIII 


Pourcentage Durée moyenne Durée moyenne 
salin dans pupes jours pupes jours 
0.5 40.08+1.27 41.00+1.35 0.50 
1.0 38.50+1.60 0.38 
8.0 37.50+0.92 40.27+0.78 2.29 
10.0 42.77+0.98 42.30+1.29 0.29 
15.0 42.45+1.47 0.39 
20.0 56.18+2.23 61.25+1.90 
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SPHAERULARIA BOMBI DUF. (NEMATODA: 
ALLANTONEMATIDAE) INFESTING BUMBLEBEES AND 
SPHAERULARIA HASTATA SP. NOV. INFESTING 
BARK BEETLES CANADA! 


Abstract 


Sphaerularia bombi Duf. recorded for the first time parasite bumblebee 
queens Canada. The nematode was collected from the abdominal cavity 
queens Bombus terricola Kby. and ternarius Say from Saskatoon, Saskat- 


chewan. 

Sphaerularia hastata, sp. nov., described from the mountain pine beetle, 
Dendroctonus monticolae Hopk., the Douglas-fir beetle, pseudotsugae Hopk., 
and the cocoon hymenopterous parasite, Coeloides dendroctoni Cush., from 
Steamboat Mountain, British Columbia. 


Introduction 


Two species the genus Sphaerularia have been described, but hitherto 
none has been found Canada. During examination insects for nematode 
parasites and associates, two species this genus were identified. These are 
bombi Duf. and hastata sp. nov. 


Sphaerularia bombi Dufour, 1837 


Eggs, larvae, and fully developed females Sphaerularia bombi Duf. with 
evaginated uterus (Fig. 12) were collected from the abdominal cavity the 
queens Bombus terricola Kby. and ternarius Say from Saskatoon, 
Saskatchewan. Adult males and females without the uterus evaginated were 
not found the material received. nematode was identified examina- 
tion the female with evaginated genitalia. This the first record this 
nematode parasite bumblebees Canada. 

The gravid female bombi hardly looks like nematode. While the 
uterus prolapses and grows size outside the female body the rest the 
nematode shrivels and seen only through searching examination 
small appendage near the posterior end the enormously hypertrophied 
uterus. Stiles (2) estimated that genitalia have hypertrophied 60,000 
times their natural size and have become 15,000 20,000 times the size 
the original The hypertrophied uterus sausage-shaped with rows 
broadly based, small, rounded elevations its surface. The uterus 
uniform width, with slight narrowing both roughly rounded ends, and with 
small opening the anterior tip. 

The gravid uterus averaged mm. length and 1.2 1.5 mm. 
breadth. The ovarian tubes were packed with eggs. Both segmented and 
embryonated eggs were found floating the abdominal cavity the host. 
Some larvae were dissected from the ovarian tubes. The eggs were oblong 
and ellipsoidal shape and 0.16 mm. length and 0.11 mm. breadth. 
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oe 
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mm. 
Fics. Sphaerularia hastata, sp. nov. 


Anterior end male. Fic. Anterior end female. Fic. Male tail. Fic. 
Lateral field. the cervical region adult. 


ABBREVIATIONS: cl, cheilostom; sty, stylet; oesophagus; mrv nerve ring; 
excretory pore; intestine; ov, ovary; ut, uterus; vagina; am, anus; testes; sp, 
spicule; gubernaculum; br, bursa; papilla. 


an ¥ — 
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Fics. 8-11. hastata, sp. nov. 


Fics. 8and Female showing prolapsed and hypertrophied uterus. 
Egg and larva. 


Fic. Sphaerularia bombi Duf., with prolapsed and hypertrophied 
uterus. Arrow points the female. 


Zool. 


Fics. and 11. 
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female detached from its uterus was mm. long and 0.07 mm. wide with 
values for deMan’s formula follows: 14.2, 6.6, 12.5, and 
93.75%. 

The evagination and enlargement the uterus gave the female wrinkled 
appearance and rendered the anatomical details obscure. The body tapered 
both ends and had conical tail. The cuticle was finely annulated. The 
lip region was rounded and nearly one-third wide the maximum width 
its shrunken body. The sclerotization the anterior region the stoma, 
which probably represents the cheilostom, and broken spear were the only 
features identifiable this region. The vulva was dilated with raised borders. 
small portion the genital tract was the only part the complex genital 
system that could seen. 

The nematode larvae seen the host were follows: stage larvae 
0.65 mm. 0.75 mm. long and 0.025 mm. 0.03 mm. wide. Spear with 
basal knobs faintly visible. Body surface with fine annulations and lateral 
fields. Tail short, 0.03 mm. long, conoid, and rounded the tip. Older 
larvae 0.85 mm. 1.5 mm. long and 0.03 mm. wide. Body slightly arched 
and tapered anteriorly. Body surface with fine annulations and each lateral 
field with eight lines. Head one-third wide body width. Oesophagus 
with slender precorpus, slightly enlarged corpus, and long narrow isthmus 
terminating basal bulb without any valve. Nerve ring crossing the isthmus 
just anterior the excretory pore. Genital primordial present and rudi- 
mentary vulva visible the female larvae. Tail 0.05 mm. long, curved, 
conoid, and bluntly rounded. 

other developmental stage the parasite was seen. 


Sphaerularia hastata, New Species 
Female 

Before evagination uterus, female 0.7 0.9 mm. long and 0.02 0.025 
mm. wide, with values for deMan’s formula follows: 37.8, 4.1, 
18.5, and 88.8%. Lip region and markings the body surface 
resembling those the male. Stylet jointed, wide, and with asymmetrical 
prominent basal knobs (the name the species derived from the shape 
the stylet). Vulva prominent, with slightly raised lips. 
developed, with folds membrane permit unusual distension, and leading 
into straight uterine tube formed layers closely arranged cells. Single 
ovary anteriorly directed and the three terminal cells reflexed. The tail 
tapering blunt end about two-fifths wide body width. 

After evagination uterus, female wrinkled and deformed. Hypertrophied 
uterus 0.8 1.0 mm. long and 0.17 0.22 mm. wide. uniform thickness 
for most part and gradually narrowed little the anterior end, which has 
crescentic opening for the passage the eggs. Coils the ovarian tubes 
occupying uterine sac, which gives uneven contour. 


: uf 
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Male 

Length 0.7 0.8 mm. and width 0.02 0.025 mm.; 33, 5.4, 
21.1, and 66.5%. Fine annulations covering the body surface and 
particularly well marked the cervical region. Lip region flat and nearly 
one-third wide the general body width. Spear long, jointed, 
and with asymmetrical basal knobs. Cheilostom well marked. Oesophagus 
with narrow, uniform precorpus, moderately enlarged corpus, and narrow 
isthmus leading the basal bulb, which overlaps anterior end gut and 
lacks valve. pore just behind nerve ring. Lateral fields present 
and each with six lines. Testes outstretched reflexed, spicules curved and 
wavy, and gubernaculum distinct and conspicuous. Tail conical but slightly 
convex ventral side and with papilla lateral region just anterior the 
narrow and rounded tip. Bursa surrounding tail and extending short 
distance anterior anus. Bursal rays faintly visible near tip tail. 


Egg 

Oval-shaped, segmented, and embryonated eggs 0.09 0.13 mm. long and 
0.05 0.07 mm. wide were observed floating freely abdominal cavity the 
host. Full-grown first-stage larvae were seen enclosed the egg shells. 


Newly Hatched Larva 

Length 0.31 0.37 mm. and width 0.02 0.025 mm. Cuticle finely 
annulated. flat, with amalgamated lips, and one-half wide the 
body width. Spear well marked with basal knobs and long. Tail 
0.05 mm. long, slightly tapered, and bluntly rounded tip. Larvae start 
molting soon after hatching, and, some instances, molting was observed 
freshly hatched uncoiled larvae. 


Preadult Larva 

Length 0.55 0.65 mm. and breadth 0.025 mm. These resembled the 
first-stage larvae appearance, but the sex could easily determined 
this stage. Female gonads visible. Female tail thinner and longer than 
male tail, which thick, stumpy, and well rounded the tip. The sexes 
could also differentiated the shape and length the tail. 


Diagnosis 

Sphaerularia hastata sp. nov. differs from Duf. having smaller 
evaginated uterus with smoother appearance, occurrence all develop- 
mental stages the nematode the host body, and having caudal bursa 
and wider tail the male. hastata sp. nov. differs from dendroctoni 
Massey (1) the female having wider stylet, having asymmetrical 
arrangement the knobs the spear both sexes, having six lines the 
lateral fields, and having subterminal caudal papillae the 
more, Massey (1) states that dendroctoni ‘‘has not been observed pine 
attacking 
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Hosts 

Adults the mountain pine beetle, Dendroctonus monticolae Hopk., and 
the Douglas-fir beetle, pseudotsugae Hopk., and the cocoons the 
hymenopterous parasite Coeloides Cush. 


Type Localities 
Steamboat Mountain and Vernon, British Columbia. 


Type Specimens 
Collection No. 482 the Canadian National Collection Nematodes, 
Ottawa, Ontario. 
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POLYMORPHUS PARADOXUS SP. NOV. 
(ACANTHOCEPHALA) PARASITIZING BEAVERS AND 
MUSKRATS ALBERTA, CANADA! 


ROBERT CONNELL? AND 


Abstract 


new species Acanthocephala, Polymorphus paradoxus, described from 
beavers (Castor canadensis) and muskrats (Ondatra zibethica) from lake Elk 
Island National Park, Alberta. species amphipod the lake was heavily 
infected with larval Acanthocephala, although the possible relationship this 
infection that the beaver and muskrat has not yet been determined. While 
all other species Polymorphus have been described from birds, possible 
avian host paradoxus has not yet been found. 


Introduction 


Swales (5) reported finding Acanthocephala four nine species 
Alberta ducks 1934, but the worms were not identified species. 
Ballantyne (1) recorded that Polymorphus minutus had been found 
mallard duck (Anas platyrhynchos) staff the Veterinary Laboratory, 
Edmonton, 1952. our knowledge these are the only records 
Acanthocephala from Alberta. 


Field Observations 


While carrying out routine autopsies beavers live-trapped Elk Island 
National Park early and mid May, 1955, one the authors (Corner) 
observed intestinal infestations unusual worms. casual glance the 
worms would have passed for small tapeworms with strobila three segments 
except for the fact that they were yellow deep orange color. 

Two beavers from the park were killed Sunday, May 22, 1955. The 
first, 2-year-old female, was unhealthy and very ill-tempered. was 
found suffering from generalized staphylococcosis, the more conspicuous 
lesions being numerous, boil-like abscesses the skin and subcutis; pyogenic 
pneumonia; massive fibrinous pericarditis; and approximately 10-fold 
enlargement the spleen. The parasite yield comprised 273 Travassosius 
americanus from the stomach and, from the jejunum, 130 the yellow-orange 
worms mentioned above. The second beaver was yearling male good 
flesh and apparently healthy. Its intestine contained 196 the colored 
worms attached throughout the jejunum and ileum. Other parasites were 
not found. The yellow-orange worms from these two beavers were identified 
Acanthocephala the genus Polymorphus. 


1Manuscript received April 1957. 
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Six live Elk Island Park beavers were transported the Lethbridge 
laboratory for study. yearling male the lot died transit May 25. 
The carcass was very thin and wasted. gross appearance the entire small 
intestine was thickened and inflamed. The mesenteric lymph glands were 
greatly swollen. Beneath the serosa over the intestine and the mesentery 
close the intestine, elongate calcified bodies were found which, 
dissection, were found contain recognizable elements the acanthocephalid 
worms. intestine contained 1907 Polymorphus attached throughout 
the entire length the small intestine. The only other parasite found on, 
in, the carcass was one americanus the disease 
causes other than the Acanthocephala were not found. 

The remaining five beavers arrival Lethbridge were found 
infested with Acanthocephala determined fecal examinations. 
captivity the parasite burdens were rapidly sloughed. Acanthocephala 
embryos were not found the feces after weeks. autopsy con- 
ducted one animal after month captivity yielded parasites. 
Autopsies the others after months captivity were likewise negative. 

All species Polymorphus have hitherto been described from birds. Meyer 
(4) listed Didelphis aurita accidental host larval Filicollis 
morphus) sphaerocephalus, and only one other record mammalian parasitism 
with Polymorphus was found (3). 

the spring and summer 1956 search was made for other hosts the 
Polymorphus species found beaver. muskrat was found harboring 138 
Acanthocephala identical with the species beaver. the muskrat all 
postlarval stages were present from recently excysted larvae fully adult 
males and females. Coots (Fulica americana) were found infested with very 
immature forms the same species, but adults were not found and the worm 
seemed unable mature coots. Other water birds have been examined, 
but the only Acanthocephala parasitism found far has been light infestations 
Polymorphus marilis lesser scaups (Nyroca affinis). The infested beavers, 
muskrats, and coots have all been from small area. The infective area 
far known present confined single bay small lake. 

species Amphipoda collected from the water the bay was found 
contain larval Acanthocephala. amphipods examined, contained 
one three bright yellow deep orange larvae. The relationship the 
larvae the amphipods the parasitism beavers and muskrats has not 
yet been investigated. 


Materials and Methods 


The live worms situ the freshly opened gut recently dead beaver 
were flat and appeared consist three segments. After exposure air 
for time, the worms began lose their apparent three-segmented flatness, 
and became turgidly swollen and round cross section. 

For observation and preservation, worms were placed number 
different solutions. Worms kept distilled water and various physiological 
salt solutions lived days room temperature. However, they tended 
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more less swell and become turgid all the solutions employed. They 
were kept nearly normal shape possible opening sections 
intestine from recently dead animals and quickly placing the gut with 
worms attached into No. Kaiserling solution (potassium acetate g., 
potassium nitrate g., formalin 160 ml., water 800 this solution the 
worms fixed state extension while the dorsoventral flattening was 
partially preserved. other solutions nearly all worms were grossly distorted 
owing fixation various states contraction and turgid distention. 


The color shown the worms was preserved for over year fixation 
ethyl glycol formol solution. Ten per cent formalin preserved the color for 
several weeks. solution, Bouin’s, Zenker’s, 95% alcohol, clearing 
agents, and fat solvents rapidly bleached the color from the worms. The 
coloration Acanthocephala, accordng Hymen (2), never intrinsic but 
due absorbed substances, usually lipids. Van Cleave and Rausch (6) noted 
the orange color Arhythmorhynchus comptus and obtained evidence suggest- 
ing that was due carotene. 


sample the Acanthocephala from beaver assay yielded 142 ug. 
carotene per gram. These specimens before assay had been stored ethyl 
glycol formol for months room temperature. Fresh specimen material 
would perhaps have yielded higher content carotene. 

For morphological study, technical preparations employed were (1) cleared 
unstained wet mounts, (2) gross dissection, (3) balsam mounts whole worms 
stained with borax carmine, and (4) serial histological sections. For examining 
intact specimens the method preferred was take worms that had been the 
No. Kaiserling solution for few weeks longer and place them chloro- 
phenol (equal weights phenol crystals and chloral hydrate crystals triturated 
with just enough distilled water dissolve) watch glass. soon 
crenation was apparent the worms were wet mounted chlorophenol 
large slide in. in.) under large cover slip in. in.). The 
mounts were set aside until the specimens became plump. The large cover 
slip provided sufficient weight and stability keep the worms slightly 
flattened, prevent drift, and permit the making camera lucida drawings 
(Figs. 1-6). Further, the specimen could rolled beneath the cover slip 
such way that all internal structures were brought clearly into view. Gross 
dissection was useful studying heavily ovigerous females which ovarian 
balls and embryos obscured structures. Permanent mounts stained with 
borax carmine made the roots the proboscis hooks little easier observe, 
but otherwise internal structures were not easy make out flexible 
wet mounts. Histological sections were useful determining the distribution 
nuclear fragments the subcuticula. 

The lacunar system the cuticle was easily observed fixed uncleared 
specimens, bleached unbleached, reflected light under relatively low 
magnification. Polymorphus the main lacunar channels are lateral, and 
laterality could determined from this fact the most contracted and 
distorted specimens. The determination dorsoventrality presented 


528 CANADIAN JOURNAL ZOOLOGY. VOL. 35, 1957 


problem with some specimens. Usually could determined from the 
ventral curvature the axis, while contracted specimens 
retraction the neck and proboscis into the fore-trunk subterminally 
ventral. Otherwise dorsoventrality could determined from the sublateral 
emergence the retinacula from the proboscis sheath—a practical method 
whole wet mounts. Attempting make out the central ganglion the 
ventral wall the proboscis sheath aid determining dorsoventrality 
was not practical except histological sections. 


Polymorphus paradoxus sp. nov. 


Palaeacanthocephala (Meyer 1931) (Van Cleave 1948) Polymorphidae (Meyer 
1931); Polymorphinae (Meyer 1931); Polymorphus (Luehe 1911) 


extended worms the praesoma cone-shaped. The fore-trunk, the 
widest part the body, oval outline and covered with mantle 
spines four-fifths the way back the constriction separating fore-trunk 
from hind-trunk. Anteriorly the spination starts circlet spines the 
cuticular fold marking the junction neck and fore-trunk. The spines have 
total length 26-27 The greater part each spine buried, the extreme 
tip only protruding through tiny backwardly directed cuticular fold. The 
spines are fairly symmetrical circlets and extend backwards the fore- 
trunk diagonal rows. The anterior circlet contains spines. The 
hind-trunk smooth and further divided into two parts, oblong part con- 
tinuous with but narrower than the fore-trunk, and still narrower hind part. 
The subcuticula over the entire trunk, including the hind portion, contains 
numerous fragmented nuclei. The main lacunar channels are lateral. 


Males (Numerous Specimens) 

Fully extended males measure mm. long exclusive bursa with 
width mm. (fore-trunk), mm. (mid-trunk), and 
mm. (hind-trunk). poorly preserved material the worms are 
fixed various states contraction that make accurate measurements 
impossible. The male proboscis (Fig. when fully everted measures 
0.58 (av. 0.50) mm. long 0.22-0.30 (av. 0.28) mm. wide (max.), 
symmetrical, outline, and round cross section. The 
hooks are (occasionally 16) longitudinal rows with nine (rarely 
eight) hooks each row. The fourth hook (counting from the front) most 
often the longest and stoutest and measures 60-83 (av. 75) long. The 
second fifth hooks, however, vary within the same range. The first hook 
fairly slender and measures (av. 66) The seventh ninth hooks 
are the smallest, measuring 38-60 (av. 50) long. All hooks have roots 
about equalling the exposed portion length. The roots are often poorly 
defined except stained preparations. 

The fully extended neck measures mm. long, smooth, and the 
shape rather narrow truncated cone (Fig. The neck usually retracted 
into the fore-trunk greater lesser extent. 
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The double-walled proboscis receptacle extended males mm. 
long and mm. broad. shorter and broader contracted 
specimens. The central ganglion centered just posterior its middle. 
The retinacula are given off midway along the axis the proboscis sheath just 
ventral its extreme lateral edges and they pass laterally the body wall 
approximately the junction anterior and middle thirds the fore-trunk. 
The dorsal and ventral retractors the proboscis receptacle pass backwards 
insertion points the mid-trunk. 

The lemnisci originate either side midway the neck and pass back- 
wards. They are equal size and extend well into the anterior trunk 
expansion, measuring mm. long. Dissected out and flattened they are 
observed broadest just front the rounded posterior end. situ 
they are either folded have their edges rolled inward (Fig. 1). 

The oval testes may equal subequal size and may lie anywhere 
the posterior two-thirds the fore-trunk, nearly always towards the left side 
(right side Fig. since the view from the ventral side). When one testis 
smaller usually the anterior, which lies front and the left the 
posterior. contracted worms the proboscis receptacle usually retracted 
the right the anterior testis. 

The cement glands, four number, are elongate and extend from the testes 
near the posterior constriction. contracted specimens they may 
bunched and folded. The cement glands are continued the cement 
reservoir, which turn attached the bursa. The bursa may may not 
everted through the terminal genital aperture (Figs. 1,4). bell-shaped 
and presents two muscular pouches proximally, and distally around the 
margin the bell, muscular rays (Figs. 4). 


Females (Numerous Specimens) 

Fully extended females measure mm. length and 2.0-2.5 mm. 
broad (maximum fore-trunk). characteristic posture which females are 
fixed with the praesoma invaginated, swelling the fore-trunk, which turn 
flexed ventrally the hind-trunk. The proboscis (Fig. slightly larger 
than the male, measuring (av. 0.56) mm. long (av. 
0.30) mm. broad. resembles the male proboscis when fully everted. 
the female, however, the tip the proboscis more apt partially 
completely invaginated fixed specimens. The hooks are arranged 
(sometimes 16) longitudinal rows with (sometimes hooks per row. 
The second fifth hooks are the largest The first hook measures 
63-75 and slender. The sixth hook usually small but sometimes 
large (52-90 The seventh ninth hooks are smallest (52-75 The 
neck the female short and broad, compared the male, measuring 
mm. long (Figs. praesomal structures resemble those 
the male, but are slightly larger. The retinacula are distinctly stouter than 
those the male. 

Young females were not observed, all specimens being moderately 
heavily ovigerous. The genital tract could not seen whole mounts and 
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Fig. was drawn from dissected specimen. The remnant the ruptured 
dorsal ligament sac originates the posterior end the proboscis sheath and 
follows the dorsal retractor muscle posteriorly for short distance. then 
diverges and attached the uterine bell. Distally the uterine bell presents 
variable number more less spherical bell pockets. from the 
cluster bell pockets short tube leading into the uterus. The first section 
the uterus ovigerous worms thin-walled, lanceolate outline, and has 
its broad end towards the uterine bell. This section measures mm. 
long and mm. broad (maximum), turgidly packed with developing 
embryos, and the only portion the female genital apparatus clearly 
discernible cleared whole mounts. lies variable position because 
its loose attachment. Distally the thin-walled section the uterus narrows. 
may continue narrow tube uniform diameter, but usually shows two 
additional spindle-shaped dilatations, smaller than the first and packed with 
embryos. The thin-walled section folded the natural state. The 
terminal section the uterus thick-walled and muscular and divided into 
narrow spindle-shaped portion and broader terminal ellipsoidal portion. 
The total length the genital tube including the bell 4.0-5.0 mm. The 
uterus continued vagina which surrounded muscular sphincter 
apparatus. The female genital pore essentially terminal, but because 
contractures the body wall often appears subterminal. 

Mature embryos (Fig. measure long 19-21 broad. They 
are whitish reflected light and highly transparent. The outer surface 
the thin exterior membrane shows fine, raised, smoothly sinuous lines impart- 
ing appearance shell sculpturing (Fig. lower drawing). The pattern 
the fine lines varies from embryo are not sculpturing 
but fine filaments which separate from the outer membrane when the embryos 
are placed certain solutions. The thick middle membrane forms polar 
outpocketings (Fig. two upper drawings). The acanthor occupies some- 
what more than the middle third the length the embryo structure and 
measures 50-56 12-15 The outer shell membrane apt 
separated from the thick middle membrane the poles, resulting sometimes 
appearance true polar caps. 


Hosts 

Type male and female from Castor canadensis. About 2000 paratypes from 
Castor canadensis and Ondatra zibethica, with 150 juveniles from Fulica 
americana, which apparently not able mature the worms. Intermediate 
host possibly amphipod, but this has not been definitely established. 


Region 

Found relationship bay small lake Elk Island National Park, 
Alberta, Canada. 

Type male and female, preserved ethyl glycol formol solution, are the 
collection the Veterinary Research Station, Lethbridge, Alberta. More 
than 2000 paratypes are the same collection. 


3mm. 


Fic. 
All figur 


lucida. 


were drawn from bleached, unstained, wet mounts with the aid camera 


CONNELL AND CORNER: POLYMORPHUS PARADOXUS SP. NOV. 


paradoxus sp. nov. Holotype male, entire, viewed from ventral 
side. 

Praesoma holotype female. 

Proboscis paratype male. 

Bursa paratype male. 

Genital tube paratype female. 

Embryos from paratype female. 
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Comparisons 

Polymorphus paradoxus sp. nov. characterized its tapering neck, 
proboscis dimensions, arrangement and dimensions proboscis hooks, and 
size embryos. Considered combination, the above features serve 
differentiate the species from all others the genus. differs further that 
was found parasitizing mammals. 


Discussion 


Elk Island National Park comprises square mile area aspen parkland. 
situated morainic, rolling topographical formation known the 
Beaver Hills. Zoogeographically, the area referrable mainly the 
Transitional Life Zone Merriam. Except spring, the Park without 
streams but contains several small permanent lakes and numerous sloughs. 
supports large population bison, elk, mule and white-tailed deer, and 
moose, and breeding area for number species aquatic birds. 


Beavers were numerous the area round the turn the century, but 
thereafter completely disappeared. The exact date their disappearance 
from the area not known. present population beavers the Park 
stems from small number introduced have always 
been present the Park. 

The parasitism with paradoxus observed beavers and muskrats was 
quite heavy. view this, along with failure incriminate natural 
avian host, not impossible that locally the parasite has become adapted 
mammals and able complete its life cycle and persist nature without 
definitive avian host. this so, may that the worm primarily 
parasite muskrats and secondarily beavers. Knight (3) reported what 
she believed species Polymorphus muskrats from Ochiltree and 
Springhouse British Columbia and suggested that the parasitism was 
accidental. 

Because the failure find other definitive hosts Acanthocephala 
the vicinity the bay from which the beaver were collected, the high incidence 
amphipods infected with the larvae can only related the adult worm 
infections beavers and muskrats. The high rate infection amphipods 
would seem demand highly parasitized definitive host, and beavers and 
muskrats were the only hosts parasitized. Nevertheless, avian host for 
this parasite may still found and the infection may prove accidental 
both beaver and muskrat. 

the one very heavily parasitized beaver, worms penetrated the gut wall 
and became encapsulated and calcified beneath the serosa and the mesentery. 
Unfortunately tissues from this animal were not kept for histological study, 
although gross pathological changes the intestine were apparent. the 
less heavily parasitized beavers, tissues were studied histologically and was 
apparent these that the worms, while pitting the mucosal surface, elicited 
pathological response. histological examinations, was noted that the 
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wall the intestine beavers very thin for animal with capacious 
gut. This may have been factor worm penetration the gut wall the 
heavily parasitized animal. 

Rapid sloughing paradoxus when infested beavers were placed 
captivity the rule rather than the exception with enteric beaver parasites. 
The beaver stomach worm, americanus, and the caecal strongyle 
Castorostrongylus castoris are equally rapidly sloughed. The caecal amphistome 
Stichorchis subtriquetrus the other hand persisted for months captive 
beavers kept quarters where reinfestation was impossible. 
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STUDIES AMINO ACID REQUIREMENTS LARVAE 
THE ONION MAGGOT, HYLEMYA ANTIQUA 
(MG.), UNDER ASEPTIC 


Abstract 


diets lacking one /-histidine, /-tryptophan, 
all the test larvae the onion maggot, Hylemya antiqua (Mg.), died 
the first instar. diets lacking either /-phenylalanine /-threonine, all died 
before the third instar; those from which /-leucine, /-lysine, 
was omitted, all died before reaching the pupal stage. Diets lacking /-alanine, 
l-aspartic acid, /-glutamic glycine, /-proline, 
l-serine, did not block larval development. per cent 
the larvae one the complete diets developed the adult stage; eggs 
laid these adults and adults from the diet lacking /-glutamic acid hatched 
and produced normal larvae. The test larvae were reared individually and 
aseptically chemically defined diets. 


Introduction 


The amino acid and protein requirements insects have been studied 
many workers and the subject has been reviewed Lipke and Fraenkel (11), 
Craig and Hoskins (2), Trager (12, 13), and others. remarkable, there- 
fore, that the only report the literature study the amino acid 
requirements plant-feeding insect which aseptic techniques and 
chemically defined diets were used that Ishii and Hirano (10), who 
determined the essential amino acids for growth larvae the rice stem 
borer, Chilo suppressalis (Walker) Chilo simplex (Butler)). 

This report experiment which the effects omitting singly 
each amino acids the diet the onion maggot, Hylemya antiqua 
(Mg.), plant-feeding dipteron, were ascertained. The insect was reared 
from the egg individually and aseptically chemically defined diets. 


Methods 


The check diet was high-level vitamin diet previously used determine 
the vitamin requirements (Friend and Patton (4)). This diet 
(Tables I-III) was chemically defined available reagents permit. With 
the check diet base, series diets was formulated, each lacking one 
the amino acids listed the first column Table II. amino nitrogen 
level was held approximately constant the addition supplements 
glycine. The glycine-free diet was supplemented with all 
other respects the deficient diets and the check diet were identical. Another 
complete diet similar the check but with reduced amounts 
acid, /-tryptophan, and /-tyrosine (Table II) was also tested. The amounts 
were reduced make the diet easier compound, these three amino acids 
being rather insoluble water. 


received April 1957. 
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Diets were prepared follows: All the amino acids except 
/-tryptophan, and /-tyrosine were weighed the amounts required 
for 100 ml. medium. They were then dispensed solids into series 
graduated flasks. The remaining four amino acids, which are rather 
insoluble water, were dissolved large volumes water and added 
solutions the proper flasks. When amino acid solution was omitted 
from diet the corresponding amount water was added maintain the 
correct volume and concentration nutrients. The remaining components 
were added and the diets were compounded the vitamin requirement 
study described Friend and Patton (4). 

The assay techniques were similar those used previously (4). The 
larvae were kept individually 1-dram screw capped vials incubator 
27°C. throughout the assay period. Daily observations were made 
each larva. soon any sign contamination microorganisms was 
noticed the contaminated tubes were discarded. was considered unneces- 
sary check for asepsis plating out samples from apparently sterile diet 
tubes because previous studies (4) showed that microorganisms grew the 
diets readily the standard plating media used bacteriological 
studies. Microorganisms unable form noticeable colonies the various 
diets may possibly have been present. However, the tubes were examined 
very carefully and any that were suspected being contaminated were 
discarded once. 

Pupae that formed during the experiment were removed from the sterile 
diet tubes and placed moist absorbent cotton non-aseptic tubes. 
adults emerged from the’ puparia they were caged candy jars in. 
high in. square, separate jar being used for each diet. The adults 
were fed molasses, condensed milk, and brewers’ yeast, mixture that enables 
mass-reared flies produce many eggs. growing onion plant was placed 
each cage stimulate oviposition and the plants were inspected daily 
for eggs. The eggs were collected with damp brush, placed moist pieces 
clay pottery, and inspected daily for hatching. 

TABLE 
COMPOSITION OF THE CHECK DIET 


Amount per ml. diet 


Constituents Mg. 
Agar 20.0 
Ribonucleic acid 1.0 
Inosine 0.03 
Thymine 0.004 
Cholesterol 0.1 
Dextrose 15.0 
Mineral mixture U.S.P. XIII, No. 2.0 
Amino acid mixture (See Table 24.20 
Vitamin mixture (See Table III) 89.77 


biphosphate, 13.58%; calcium lactate, 32.7%; ferric 
citrate, 2.97%; magnesium sulphate, 13.70%; potassium phos- 
phate (dibasic), 23.98%; sodium biphosphate, 7.72%; sodium 
chloride, 4.35%. 
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TABLE 


AMOUNTS VARIOUS AMINO ACIDS DIETS 


Concentration, mg./ml. 


Glycine added 
maintain nitrogen 
level when amino 


check acid column low-level 
Amino acid diet omitted amino acid diet 
1.09 1.09 1.09 
l-Arginine (free 0.79 0.79 0.79 
(free 0.48 0.48 0.48 
4.42 4.42 4.42 
Glycinet 1.75§ 
(free 0.48 1.44 0.48 
0.38 0.38 0.38 
1.26 1.26 1.26 
2.35 
1.34 2.68 1.34 
0.34 0.34 0.34 
1.01 1.01 1.01 
1.68 1.68 1.68 
0.88 0.88 0.88 
0.38 0.38 0.38 
3.50 1.23 
1.24 1.24 0.62 
1.36 1.36 1.36 
Total 24.20 


Biochemicals Corp., Cleveland, Ohio, U.S.A. 
tMann Research Laboratories Inc., New York, N.Y., U.S.A. 
§/-Alanine used instead. 


TABLE III 


COMPOSITION OF THE VITAMIN MIXTURE 


Vitamin Concentration diet, 

Biotin (aqueous solution) 0.02 

0.05 
Calcium pantothenate 7.0 
Choline chloride 23.0 
Coenzyme 
Folic acid 7.0 
Nicotinic acid 12.0 
Pyridoxine HCl 34.0 
Riboflavin 
Thiamine HCl 1.7 
Thioctic acid§ 0.6 
Total 89.77 


yet classed vitamin but suspected having vitamin activity 

tEquals 246 Lipman units. 

acid; Lederle Laboratories, Division the American Cyanamid Company, 
New York, N.Y., other vitamins used were supplied Nutritional Biochemicals 
Corporation, Cleveland, Ohio, U.S.A. 
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Results and Discussion 


Tables and show that when any one /-arginine, /-histidine, /-isoleu- 
cine, /-valine was omitted, none the larvae reached the 
second instar. When either /-phenylalanine /-threonine was omitted, 
death occurred before the third instar, and all the larvae diets lacking 
l-leucine, /-lysine, died before reaching the pupal stage. 


Table shows that only 40% the larvae reared the check diet reached 
the adult stage comparison with 88% the high-level vitamin diet (4). 
This remarkable because the formulae for the high-level vitamin diet and 
the check diet this experiment were identical. Possible explanations for 
the difference are these: the vitamin and amino acid studies were conducted 
26° and 27°C. For the vitamin study, (4) antiqua had 
been reared for over generations greenhouse where insecticides, 
especially aerosols, had frequently been used. The amino acid study was 
conducted the progeny flies that had been collected larvae the 
field; insecticides had ever been used the greenhouse where these flies 
were reared. These different conditions may have produced two strains 
flies differing ability develop synthetic diets. 


TABLE 


EGGs LAID ADULTS antiqua, THE LARVAE WHICH HAD BEEN REARED 
CHEMICAL DIETS 


Numbers of: 


Diet Males Females Eggs laid Eggs hatched 
Low-level amino acid 181 


The low-level amino acid diet was superior the check diet; the larvae 
developed faster rate (Table IV), 81.8% them reached the adult 
stage, and the 181 eggs laid these adults hatched and developed 
normally, (Table VI). eggs were laid adults from the check diet 
although the ovaries the females seemed normal dissection and motile 
sperm could found the males. Apparently, the relative amounts 
l-aspartic acid, /-tryptophan, and /-tyrosine the diet are critical. 


Omitting /-alanine improved the check diet, 97% the larvae reaching 
the third instar. Table shows that the index for growth, from hatching 
the egg emergence the adult, for the diet lacking was the second 
highest recorded, 2.8 compared with 1.4 for the check, and 3.2 for the 
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low-level amino acid diet. Adults from this diet laid eggs but none hatched 
(Table Davis (3) has found that 14.6 mg. per gram diet 
was toxic the saw-toothed grain beetle, Oryzaephilus surinamensis (L.). 
Hilchey (7) has shown that alanine required germanica (L.), 
when this insect reared aseptically. Alanine not required the rice 
stem borer, Chilo suppressalis (Walker) (10). 


Larval development diets lacking /-cysteine was significantly better 
than the check (Table IV). Adults from this diet laid eggs, none 
which hatched (Table VI). House (9) found that /-cysteine not required 
for larval growth affinis. 

Omitting /-glutamic acid, glycine from the diet did not alter 
the larval development rate significantly from that the check (Table IV). 
Adults from the diet lacking /-glutamic acid, however, laid eggs, 
which hatched and developed into normal adults. Adults from the diet 
lacking /-proline laid eggs and none the eggs laid adults from the 
glycine-free diets hatched (Table VI). House (9) states that glutamic acid 
not necessary for the growth any insect far studied and that 
does not need proline for larval growth. suppressalis can also complete 
larval growth without proline (10). However, proline needed males 
germanica (7). 


Because /-alanine was used adjust the amino-nitrogen level the diet 
lacking glycine, and alanine certain concentrations has been shown 
toxic least one insect (3), the development larvae this diet cannot 
attributed solely glycine deficiency. Ishii and Hirano (10) have shown 
that glycine not required House (9) found that lack 
glycine slowed the growth and reduced the number adults 
Hinton al. (8) consider that Drosophila melanogaster Mg. requires glycine 
and can use high concentrations (optimum level 1.8 mg./ml.) detoxify 
imbalances essential amino acids. Glycine needed larvae Aedes 
aegypti (L.) (6). Perhaps like many other organisms, can synthe- 
size glycine although the process slows development slightly. The increased 
growth rates the diets lacking acid, /-cysteine, 
hydroxyproline, and with glycine supplement 
maintain the amino nitrogen level may indicate that the larvae 
glycine more easily than these other amino acids. 


Table shows that 74.3% the larvae the diet lacking acid 
reached the adult stage compared with 40% the check diet. The 
development rate this diet was significantly better than the check 
(Table IV) and eggs were laid the adults. None these eggs hatched 
(Table VI). These results suggest that certain concentrations 
acid may inhibit reproduction antiqua. Aspartic acid has not been 
necessary for any insect studied aseptically (11). 


Table shows that the diet lacking development, 
measured the parallelism the growth curves, was significantly faster 
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than for the check; however, the difference time required for 50% the 
larvae each diet reach the third instar was not significant. Hydroxy- 
proline has not been essential for any insect studied critically (1). 

Omitting /-serine caused significant improvement the rate larval 
development (Table IV), but only 44% the larvae reached the adult 
stage. Hinton found d-serine extremely toxic melanogaster, 
and /-serine slightly toxic under most their experimental conditions. 
House (9) found that absence slowed larval growth affinis. 
Most other workers have found that adding serine diets containing the 
indispensable amino acids improves growth (12). Serine required 
males germanica (7). 

Larvae developed significantly faster the diet lacking /-tyrosine than 
the check (Table IV), but both diets produced approximately the same 
percentage adults (Table V). (9) found that omitting /-tyrosine 
slowed development affinis tyrosine also slows growth 
larvae Aedes aegypti (6). Tyrosine not required the rice stem 
borer, suppressalis (10). 

The method used this experiment, that measuring development 
series diets from which amino acids have been omitted singly, does not 
permit evaluation possible toxic effects. Development the insect 
each the deficient diets depends its reaction all the nutrients 
presented it. Interactions between two more amino acids can give 
results that should not interpreted terms single deficiencies. Glad- 
stone (5) conducted amino acid study with Bacillus anthracis that illus- 
trates the care needed interpreting nutritional studies the type reported 
this paper. Gladstone found that growth occurred days when 
either valine leucine was omitted from mixture containing amino 
acids. However, the organism grew almost well diet lacking all 
three valine, leucine, and isoleucine did the check diet containing 
the amino acids. The addition small amounts valine, isoleucine, 
leucine mixture lacking all three was toxic. Consequently, the amino 
acid requirements this bacillus were some degree dependent the other 
amino acids present the medium. Therefore, certain the amino acid 
requirements demonstrated this experiment may have 
depended the amino acids remaining each deficient diet. More complex 
experiments will needed elucidate the interactions nutrients. 

This experiment shows that small changes the relative concentrations 
some the amino acids used the artificial diets have gross effects 
the growth and fecundity the onion maggot. not impossible that the 
ratio the amino acids onion could altered sufficiently plant breeding 
make the plant less suitable host for this insect. Perhaps plants 
could made more resistant the attack insect changing the 
relative concentrations plant chemicals that are essential the insect’s 
nutrition. Logically, would seem that changing the relative concentrations 
certain nutrients would most harmful insects that are restricted 
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host range one few species plants; and consequently the onion 
maggot, which feeds only onion, leek, and garlic should prove 
excellent insect which test this hypothesis. 
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BUXTONELLA SULCATA (CILIATA: HOLOTRICHA), PARASITE 
BOS INDICUS AND BUBALUS BUBALUS 
THE WESTERN PUNJAB! 


LUBINSKY 


Abstract 


Buxtonella sulcata recorded from Bos indicus and Bubalus bubalus from the 
Western Punjab. 


Materials and Methods 


The present paper based material collected from the caecum domestic 
ruminants butchered Rawalpindi, West Pakistan, the winter 1953-54. 
Four 0.1 cc. portions fresh caecal contents pressed through gauze were 
examined and the number ciliates per 1.0 cc. calculated. Selected specimens 
caecal contents were fixed 10% formalin, and used this Institute for 
preparation thick films stained with Gower’s carmine, Mayer’s haemalum, 
and Ehrlich’s haematoxylin (6). 


Results 


Buxtonella sulcata Jameson, 1926 (5) was found 73% Indian cattle and 
38% water buffaloes examined. were found caecal contents 
sheep and goats (see Table The average number ciliates per cubic 
centimeter caecal contents was about with variation from 500; 
only positive samples contained over 200 ciliates per cc. Both 
vegetative forms and exconjugants were present our material, the latter 
comprising never more than 20% the infusorial population. The vegetative 
forms (Figs. 1-3) measured length with width length 
ratio (see Table The greatest breadth vegetative forms 
near the equator, while young exconjugants displaced towards the 
aboral end (Figs. and Although the position the nuclear apparatus 
variable, seldom found the aboral third the body. The macronuclei 
the vegetative forms are mostly ovoidal, although bean-shaped nuclei are not 
uncommon (Fig. with constriction near the equator (Fig. 
are occasionally seen. They may regarded nuclei young vegetative 


TABLE 


FINDINGS Buxtonella sulcata DOMESTIC 
CATTLE RAWALPINDI 


Number Buxtonella 

Host examined present in: 
Bos indicus 100 
Bubalus bubalus 
Ovis aries 
Capra hircus 


1Manuscript received May 16, 1957. 
Contribution from the Institute Parasitology, McGill University, Macdonald College 
P.O., Que., Canada, with financial assistance from the National Research Council Canada. 
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Fics. 1-3. Vegetative forms Buxtonella sulcata from Bos indicus. 

Fics. 4-6. Exconjugants sulcata from Bos indicus (Figs. and and Bubalus 
bubalus (Fig. 4). 

Fic. Outlines nuclei sulcata from Bos indicus. 


2 


Fic. Variability body length sulcata from Bos indicus No. 57. 
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forms which the macronuclear placentae have recently fused. Young 
exconjugants with two spherical placentae the macronucleus (Figs. and 
have inconspicuous longitudinal furrow, often not trespassing the equatorial 
region the body. conjugants were found our material. The 
caryological processes, observed exconjugants Buxtonella sulcata, closely 
resemble those Balantidium the chimpanzee exconjugants 
Buxtonella, with inconspicuous longitudinal furrow, can easily mistaken, 
the absence vegetative forms, for those Balantidium. 


TABLE 
DIMENSIONS (IN Buxtonella sulcata FROM THE CAECUM Bos indicus No. 


Limits 

S.D. variation 

Body length 99.9+1.32 +13.24 
Body width 71.8+0.86 +8.64 12.00 
Length/width relation 1.39 1.2-1.6 
Length the macronucleus 28.5+0.4 +3.95 13.86 18-36 
Width the macronucleus +2.21 14.38 10-18 


mean; error the mean; S.D., standard deviation; C.V., coefficient variability. 


Discussion 


The presence Buxtonella sulcata Bos indicus and Bubalus bubalus was 
not recorded previously. However, Cooper and Gulati (2) described 
tidium coli var. from Bos indicus Assam. According these authors 
the new variety characterized the shape the macronucleus which 
described being structure folded each end, appearing oval 
bean-shaped darkly stained Their drawing represents 
ciliate with the macronucleus consisting two joined subspherical bodies 
with loosely arranged chromatin, which probably represents two placentae 
the process fusion. This interpretation substantiated the statement 
that the macronucleus appears oval bean-shaped when darkly stained, i.e. 
vegetative forms with mature macronucleus. Thus the structure the 
macronucleus, described Cooper and Gulati the new 
variety, cannot accepted morphological character taxonomic value. 
There nothing indicate that coli var. not late 
exconjugant sulcata, which the inconspicuous longitudinal 
furrow was overlooked. 

was also reported Priestley (8) from water buffaloes 
Bengal. His description ciliates ‘‘morphologically resembling Balantidium 
coli runs follows: organism was motile and covered with 
actively functioning cilia; its length was approximately possessed 
obvious macronucleus and one two vacuoles; the longitudinal striations 
were quite This description, like that Cooper and Gulati, 
contains nothing which would exclude the possibility that the ciliates observed 
were Buxtonella sulcata. 


‘ 
a 
q 
q 
q 
a 
| 
il 
&§ 
4 
a 
| 
4 
i : 


548 CANADIAN JOURNAL ZOOLOGY. VOL. 35, 1957 


Buxtonella-like ciliates were found diarrheic stools camel Bozhenko 
1925 (1), year before the description Buxtonella sulcata Jameson, 
and named cameli. Dogiel ((3, 296) and (4, 221)) 
regards Buxtonella sulcata synonym Infundibulorium cameli. 
re-examination type specimens these ciliates necessary clear their 
relationships. However, the similarity the structure the oral end 
Buxtonella (5, Fig. and that (1, 56) remarkable. 

Buxtonella sulcata can easily mistaken for Balantidium and serve thus 
source error the description new species Balantidium from 


ruminants. 
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THE OCCURRENCE AND NATURE DIAPAUSE-FREE 
DEVELOPMENT THE SPRUCE BUDWORM, CHORISTONEURA 
FUMIFERANA (CLEM.) (LEPIDOPTERA: 


GEORGE HARVEY? 


Abstract 


Spruce budworm populations Eastern Canada are effectively univoltine. 
After hatching, the larva follows complex behavior pattern that leads the 
building hibernaculum which molts and spends the winter months 
without feeding. This pattern seems independent environmental condi- 
tions, except they affect the rate which the component events occur, and, 
the absence any evidence the contrary, must considered inherent. 

Laboratory studies have shown that 62% the families produced 
matings field-collected individuals least one larva can develop without 
diapause subjected long photoperiods (at 71° F.); the average 
the second-instar larvae such progenies can forego diapause. Selection 
over six generations yielded strain that, subjected continuous light the 
laboratory, virtually free from diapause. This stock has been reared for 
further six generations and still retains this photoperiod dependence. Behavior 
usually normal during hibernaculum construction and molting, but then the 
larvae vacate their shelters, feed readily, and develop without any delay. 
associated differences have yet been found between non-diapause (N-D) and 
normal (D) insects. The ability develop without diapause apparently 
determined multiple genes; not sex-linked but may some extent 
sex-controlled. 

Diapause-free development this strain results only when first-instar larvae 
are exposed photoperiod least hours, shorter times resulting 
almost universal diapause and longer times giving progressively greater 
proportion N-D insects, approaching 100% continuous response 
reduced lower temperatures. Potential N-D insects deprived light- 
treatment behave normal insects; under appropriate conditions light 
their progeny turn develop without diapause. 


Introduction 


The spruce budworm, Choristoneura fumiferana (Clem.), normally passes 
the winter months second-instar larva hibernaculum constructed 
the host tree. The hibernaculum spun during the latter part July 
early August, after which the insect remains inactive until the following spring. 
recent paper, McGugan (15) described briefly the behavior the 
budworm the field during the months (see also (2)) and listed the 
more important references earlier work its development. 

has been matter some interest all who have studied the spruce 
budworm its natural environment that this behavior, which signals the 
beginning hibernation, should occur time when conditions seem 
favorable continued development. Temperatures this time year are 
lower than those which spring development takes place, and suitable 
food available, which fact more succulent than that which the newly- 
emerged larvae must accept the following spring before the buds open. These 

1Manuscript received April 1957. 

Contribution No. 384, Forest Biology Division, Science Service, Department Agriculture, 


Ottawa, Canada. 
2Forest Insect Laboratory, Sault Ste. Marie, Ontario. 
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general observations and the absence any reports natural deviations from 
this pattern indicate that the diapause the spruce budworm obligatory 
(1) and independent environmental conditions. 

Budworm reared under laboratory conditions also ordinarily enter diapause, 
even when provided with fresh food. Different conditions light and 
temperature have negligible effect this behavior. Thus, the discovery 
some laboratory-reared stocks few individuals that were able proceed 
with their development without any cold treatment (9) was considerable 
interest. Immediate attempts were made increase, selection, the 
incidence this ‘non-diapause’ (N-D) behavior, and subsequently, deter- 
mine the conditions the laboratory environment that might control it. 
These studies, described herein, have revealed something the nature 
this behavior and its genetic basis. 

will evident shortly, the behavior the N-D insect can understood 
only comparison with that the normal, since even the former rule 
constructs hibernaculum. Thus attention will first directed the 
normal insect and the various activities and changes that occur before 
enters diapause. 


II. Materials and Methods 


This study was confined spruce budworm from Eastern Canada, except 
where fumiferana from British Columbia and pinus Free. were included 
the search for N-D individuals natural populations. Throughout the 
investigations, the were reared air-conditioned room F., 
R.H. 68-75%) using the method described Stehr (21). there pointed 
out, freshly-thawed balsam fir buds constitute satisfactory diet for rearing 
the larvae. The rearing room was usually illuminated only during working 
hours, i.e. 8-10 hours day; however, light from the ‘light-tables’ provided 
continuous general room light very low intensity. Although not mentioned 
his paper, these conditions light were used Stehr (21) for his rearings. 

Stehr’s (21) rearing method, suitable sites which the newly-hatched 
larvae can spin hibernacula are provided gauze mesh mounted the 
sheet translucent ‘parafilm’* that covers the Petri dish containing the eggs. 
ensure that most larvae spin the gauze, the Petri dish placed 
light-mask, gauze side down, light-table until transference cold storage. 
the present studies N-D stocks, families under observation were examined 
while the light-table, intervals days. these times any 
wandering second-instar larvae were picked off, counted, and placed food. 
Values for percentage N-D insects are based the total number larvae 
the family reach the second instar, determined weeks after mating. 
the same time, other data family spinning and molting performance 
were recorded. After this examination the larvae undergoing diapause were 
placed cold storage (21). 


*Manufactured the Marathon Corporation, Menasha, Wis., and obtained from Fisher 
Scientific Company Limited. 
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the photoperiod experiments (Section III split-family design was 
frequently used, that the effects two different treatments one family 
could compared. Eggs from each several families were divided into two 
groups nearly equal size and placed separate Petri dishes. the first 
experiments, using families N-D generation the Petri dishes their 
windowed black envelopes were then distributed among four different treat- 
ments, described below, that several family pairs were each the six 
possible combinations (Table V). further experiments, define the 
critical length photoperiod, the ‘control’ portion each family was exposed 
the continuous ‘high-intensity’ light, treatment below; the ‘experi- 
mental’ portions similar light controlled day—night clock switch 
provide the desired photoperiods. Families from N-D generations and 
were used (Fig. 9), and were subjected photoperiods 13, 15, hours 
and 15, 18, hours per day, respectively. 
Different light-treatments were provided the use different lights under 
small light-tables, follows: 
(1) continuous dark, except for the brief periods examination; 
(2) 12-hour photoperiod, controlled clock switch, light source 
treatment 

(3) continuous ‘high-intensity’ light provided in. ‘Daylight’ 
tube, in. below in. in. sheet clear glass—the ‘fluores- 
cent’ Fig. 

(4) continuous ‘low-intensity’ light provided frosted ‘tungsten’ 

bulb, below similar glass. 

Weston Illumination Meter, Model 756, was used measure the amount 
light each treatment. Readings were taken several different positions 
the light-tables placing the search unit inside light-mask with the 
photosensitive area exposed through the window. Readings were repeated 
with several different envelopes, since the holes varied somewhat size. 
Because differences the amount light different positions the 
light-tables, and because differences the light-masks, there was con- 
siderable range light intensity each treatment. Furthermore, since the 
envelopes were not replaced the same position after each examination, there 
was appreciable range intensity which each part-family could 
subjected. However, spite this variation, there was distinct difference 
intensity between the ‘high’ and ‘low’ treatments, indicated Fig. 


III. Observations 
HIBERNATION 


general description the behavior the young larvae under laboratory 
conditions given Stehr was considered worth while, however, 
make detailed study these activities view their possible relation 
N-D behavior. The following description based largely series daily 
examinations number families. Observations were made without 
opening the Petri dishes, except for the final assessment just before the insects 


were placed cold storage. 
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The average incubation period for these first laboratory-generation families 
was 7.6 days, 5290 Developmental Units (degree-hours above 42° (3)). 
The considerable difference from the value 2400 units calculated 
McGugan (15) under natural conditions may expression only the 
difference between the effect constant and varying temperature (13). 

Newly-hatched larvae drop from the egg cluster the gauze and usually 
crawl about before selecting spinning sites. Silk spun out from the moment 
the larvae leave the eggs and during all movements the gauze, that much 
the inside the dish frequently becomes covered with silk, some which 
visible Fig. From observations the field and the insectary, McGugan 
also concluded that the larvae spin threads wherever they (personal 
communication). The silk-spinning described Wellington (27), which 
greatly influenced evaporation rate, refers only that necessary for the 
construction the hibernaculum. 

Before and during the early stages hibernaculum construction, chewing 
the parafilm may occur, the resulting parafilm chips sometimes being 
incorporated into the hibernaculum. This use materials other than 
silk the construction the hibernaculum, although characteristic 
Choristoneura Cacoecia) murinana (Hbn.) (6), not 
fumiferana. 

There considerable variation the time required for selection 
hibernaculum site. practice, larvae located crevices the gauze 
other such places that are enclosed with silk threads, even though very thinly, 


100 

RATE APPEARANCE 
SECOND INSTAR LARVAE 
WANDERING SECONDS 


DAYS AFTER HATCH 


Fic. Time appearance the principal stages the early life the spruce 
budworm under laboratory conditions. 


° 2 


Fic. hibernaculum between balsam needle and the glass Petri dish showing 
inner and outer envelopes. The occupant was N-D insect that had emerged. Note 
also the silk threads parts the glass distant from the hibernaculum. 

Fic. similar hibernaculum, with the first-instar between the inner 
and outer envelopes. Note the first-instar fecal pellets (arrows). 

Fic. portion the gauze-parafilm showing one unspun larva (A), two 
occupied hibernacula (B), one larva emerging from its hibernaculum (C), and N-D larvae 
wandering the gauze. Circles enclose vacated hibernacula. 

_Fic. such portion showing one dead first-instar larva (A), two seconds 
hibernacula, with cast head-capsule and fecal pellets (B), and two sites where molting has 
occurred the surface the gauze. The arrows show the cast skin and head-capsule 
these two sites. X15. 
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have been considered having selected one. Although many larvae choose 
site within hours hatching, most them require longer period, 
that the mean time about days (Fig. This somewhat longer than 
the times reported Wellington (27) and Blais (2), difference that 
probably due the generally suboptimal evaporation rates prevailing during 
our experiments. Those insects that not start spin within days 
hatching, well those that make attempt spin hibernacula, generally 
fail reach the second instar, thus contributing the pre-overwintering 
mortality. This mortality first-instar larvae high some families, 
particularly inbred laboratory material. 

Most young larvae select sites the meshes the gauze and then proceed 
fairly rapidly construct hibernacula. The few hibernacula located between 
the egg-bearing needles and the glass frequently can seen consist two 
layers (Figs. and which, however, cannot distinguished hibernacula 
built the gauze. The cocoon the Cecropia silkworm, Platysamia cecropia 
(L.), also consists two principal layers appears that most the 
hibernaculum built before molting occurs, although larvae may some 
spinning afterwards. When the molted head-capsule between the two layers 
(Fig. 3), obvious that the second-instar larva has spun the inner one. 

During the first days after hatching, various other developmental changes 
take place the larvae. The details these changes will not considered 
here; however, during this time that, under laboratory conditions, the 
yolk material responsible for the greenish color newly-hatched larvae (15) 
converted into storage materials (S. Smith, unpublished). The remains 
the yolk and other waste materials are evacuated two small fecal pellets 
shortly before the molt, and can seen the hibernaculum this time 
(Fig. These first fecal pellets are readily distinguishable from those 
feeding larvae their small size, irregular shape, and dark color. 

The molt terminating the first instar almost always occurs inside the 
hibernaculum, often within days hatching. However, under laboratory 
conditions the mean time appearance second instars days (Fig. 1). 
The head-capsule usually fastened the inside the hibernaculum, 
first reported Gibson (8), where its presence positively identifies the instar. 
Franz (6) describes the same habit murinana. The larva usually eats 
the cast skin. 

the standard rearing procedure, larvae are kept the rearing room for 
weeks after molting and then placed cold storage. During this period 
there little outward change the larvae, which remain relatively inactive, 
although they still react rapidly light tactile stimuli. Normally 
hibernacula are vacated during this period, although occasionally some 
chewing occurs, resulting small openings the silk. where chewing 
has occurred, the larvae usually not vacate their shelters and may survive 
some cold treatment spite the opening. 

Although these observations budworm behavior during the prehibernation 
period were made entirely the laboratory, the pattern generally the same 
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nature (2, 15, 27), the chief difference being one rate, since average field 
temperatures are lower. summary, this behavior pattern characterized 
three stages, follows: 

(1) initial period searching for overwintering site, aided 
positive phototropism and negative geotropism (25, 26). This activity 
results some dispersal the field. Conversion the yolk begins very 
soon after hatching. 

(2) period hibernaculum construction. Yolk conversion continues, its 
completion being indicated the evacuation two small fecal pellets. 
Following these activities (normally about the sixth day the laboratory) 
molting occurs. 

(3) period decreasing activity (as field temperatures decrease) while 
internal changes continue. The larvae gradually become quiescent and endure 
the cold period without further apparent changes. 

Spruce budworm Eastern Canada adhere strictly this pattern 
prediapause behavior under widely divergent conditions, both natural and 
unnatural. Furthermore, with the exception the few individuals 
discussed shortly, all normal larvae remain their shelters until, after some cold 
treatment (21), conditions favorable their further development occur. 
Nor the incidence abnormal behavior appreciably increased rearing 
several successive generations the laboratory, where seasonal factors are 
absent. These facts support the characterization this insect having 
firm diapause every individual every generation” (1). Since 
unlikely that the field any individuals that are exceptions this rule 
survive the normal cold winter, effectively true. 


DIAPAUSE-FREE DEVELOPMENT 


Discovery and Identification 

During the course experimental rearings which detailed observations 
were made some stocks during the time the young larvae remained the 
light-table, some families were found which several second-instar larvae 
vacated their hibernacula shortly after molting and wandered the gauze. 
food moisture had been added these Petri dishes, hence this wander- 
ing could not attributed these factors. the same phenomenon has 
since been observed other stocks, also clear that the treatment the 
parents was not responsible for the behavior these larvae. 

reported previously (9) these ‘wandering’ larvae feed readily balsam 
fir buds, fresh frozen, and can reared maturity. During rearing, most 
them develop larvae whose requirement for cold treatment has been 
satisfied. This ability feed and continue development very different 
from the slow establishment and low survival second-instar larvae that are 
manually removed from their hibernacula the same age. appears that 
these ‘wandering seconds’ require period arrested growth such 
normal for the species—they may correctly called ‘non-diapause’ (N-D) 
insects, then, and their development referred N-D 
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larvae can recognized their voluntary emergence from hibernacula 
within weeks reaching the second instar and the absence any 
food source moisture. 


Behavior the Non-diapause Insect 

During the first two stages prediapause behavior, i.e. until completion 
the molt, there are differences between the behavior N-D and diapause 
(D) larvae. Almost invariably hibernacula are built. The distinctive 
behavior the N-D insects their voluntary emergence from the shelter 
shortly after molting has been completed. Since vacated hibernacula often 
appear less dense than those that remain occupied, probable that N-D 
insects seldom any spinning their shelters after molting. Fig. 
number larvae wandering the gauze, well some occupied hibernacula. 
The vacated hibernacula are recognizable the fecal pellets and head- 
capsules them. Very often there extensive chewing the hibernaculum 
before the larva finally leaves the site. 

About 86% the N-D insects any family appear within period 
week (Table I). Detailed studies (Fig. revealed that most N-D larvae 
vacate their hibernacula within days molting, many within day. 
Most the remaining 14% wandered during the second week (Table I), 
with only few individuals appearing after that time. Most N-D larvae are 
thus readily distinguished from the rare insect that, having minimal 
requirements, vacates its hibernaculum after several weeks and without any 
change temperature. The criterion for the recognition N-D larvae 
given above then adequate this respect. 


TABLE 


RATE APPEARANCE WANDERING LARVAE* 


Time wandering, 


0-3 4-7 8-10 11-14 14* Totals 
Female larvae 213 341 
62.4 85.3 95.6 97.9 100 100 
Male larvae 231 347 
Percentage 66.5 86.1 97.7 98.3 100 100 
Sex 0.480 0.534 0.467 0.800 0.539 0.496 


*Note the absence any direct relationship between the time wandering and the sex 
the insect. 

+Days after the appearance the first wandering individual each family. 

tPercentage N-D insects the pooled families. 

§Ratio number female pupae total pupae. 


Occasionally the spinning hibernaculum omitted, although even here 
the first-instar larva may spin thin mat which molt. Fig. shows, 
addition two normal sites, two sites which molting has occurred the 
surface the gauze and which can identified the presence the head- 
capsule and cast skin; the latter seldom eaten these larvae. After 
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molting about the normal time, the larvae continue crawl about. Here 
the criterion for recognition N-D insect breaks down, hibernaculum 
has been constructed, but fortunately, the incidence this behavior (as 
determined relating empty hibernacula insects picked off) was very low, 
although appeared have increased the selected stocks with high 
incidence non-diapause (see Table and Fig. the early phases 
the work, attempt was made differentiate the ‘non-spinning’ larvae from 
other N-D insects, but when checked later, their establishment and rearing 
performance justified their inclusion with the non-diapause. 


Natural Incidence 

Although N-D behavior was first noticed laboratory-stock families, 
soon became apparent that some individuals from wild populations would 
behave similarly under the specified conditions. Consequently, 1954 
study was made the incidence non-diapause progenies collections 
fumiferana and pinus from several localities across Canada. The 
insects were received late-instar larvae and pupae the laboratory, where 
they completed their development and were mated. The conditions for 
promoting diapause-free development were described earlier. Records 
were also obtained from stocks both species that had been reared and mated 
outdoor insectary. 

Some N-D insects were found progenies every collection, including 
those the 2-year cycle budworm from British Columbia. However, 
many families (38%) all individuals showed the normal diapause requirement 
(Fig. average incidence N-D larvae collections fumiferana 
from Eastern Canada was 3.4% (cf. Fig. 6), the value for pinus being some- 
what lower (2.4%). The possibility differences incidence between 
different regions currently being studied. 

N-D behavior was found the insectary also, although much lower 
level—the average per family being 1.2% for fumiferana and 0.5% for 
pinus. These lower values the insectary are expected result 
the generally lower temperatures and the discontinuous illumination, but, 
since these conditions closely resemble those the natural environment, 
may conclude that very low level N-D behavior probably occurs naturally. 
There are yet field records this behavior. 

The data for incidence diapause-free development families derived 
from wild collections were studied further. relationship could found 
between incidence and family size, whether the latter was expressed terms 
fecundity the number larvae successfully reaching the second instar. 
frequency distribution families (expressed percentage the 195 
families the group) according the incidence N-D larvae them was 
prepared (Fig. and shows that 62% the families there was least 
one such larva. Although the mean incidence was 3.4%, the median fell 
the class, and thus only small number families are responsible for the 


mean value. 
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30 


20 


PERCENTAGE TOTAL FAMILIES 


PERCENTAGE NON-DIAPAUSE PER FAMILY 
Fic. Frequency distribution the percentages larvae showing N-D behavior 


progenies laboratory-reared budworm field-collected from Eastern Canada 1954. 
Mean incidence diapause-free development 3.4%, N=195 families. 
Natural Fate Wandering Larvae 

Some speculation the natural fate N-D individuals order. 
simple experiment showed that only about attempted respin under 
normal spinning conditions the laboratory and these were unable produce 
hibernacula normal thickness. Thus, survival N-D larvae nature 
depends their ability endure the cold months without further change 
what shelter they can construct, then the chance very slight. Even 
under the milder treatment which laboratory stocks are subjected, insects 
inside stout hibernacula are ordinarily the only ones that survive. 

Should these larvae feed successfully the field, they would scarcely have 
time complete another cycle before the end favorable weather. They 
might, however, enter diapause the end the third instar. Such second, 
‘facultative’, diapause typical the 2-year cycle budworm parts 
British Columbia and has been found both laboratory and insectary rearings 
normal budworm from Eastern Canada. Despite the absence reports 
any such individuals eastern populations, some may well occur the 
field, but have remained undetected because their small numbers and the 
difficulty distinguishing them from other retarded insects. Although 
appreciable number larvae the first N-D generation (29% those 
established) entered such second diapause, was much less common the 
second, and rare further generations. Therefore, although recourse 
second diapause might permit few the naturally-occurring N-D insects 
survive, the numbers involved are undoubtedly small make 
significant contribution the survival the species its present ecological 


position. 


SELECTION NON-DIAPAUSE STOCKS 
The first N-D larvae recognized such belonged some laboratory 
stock originating Vermilion Bay, Ontario. This stock had been reared 
through six normal generations the laboratory and had proved 
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vigorous line. N-D insects were reared from several families resulting from 
matings between two sublines. these families, which were the ancestors 
almost all the N-D stocks, average the larvae showed diapause- 
free development (Fig. There some possibility that this value was 
enhanced the shortness the cold treatment that their parents had 
received; this point has not been studied. apparent, however, from 
comparison with the incidence diapause-free insects among the progenies 
wild stocks (Fig. 6), that these original families were already somewhat 
selected for the ability develop without diapause. 

From one the first N-D families (eighth laboratory generation), one 
which about 20% the larvae had developed without diapause, N-D adults 
were backcrossed sibs the preceding generation yield strong stock 
with appreciable incidence diapause-free development. The resulting 
families, although they belonged the ninth laboratory generation, are treated 
herein N-D generation (Fig. and Table stock has been bred 
and has reached its 12th generation. Where possible, sib matings have been 
used, but maintenance the stocks has depended matings between less 
closely related individuals that contribute the benefits heterosis. The 
incidence non-diapause increased almost 100% all families N-D 
generation which level has been maintained the present time. 

Fig. shown the succession several lines N-D stock and, where 
data are available, the incidence non-diapause families for each genera- 
tion. illustrates the practice adopted the selection this stock and 
something the mode inheritance the ability for diapause-free develop- 
ment. Matings are indicated the lines joining generations; they are 
continuous broken designate the parents N-D insects, respectively. 
For simplicity only those matings important maintaining the lines 


GENERATION NUMBER 
—OIAPAUS E— —-NON-DIAPAUSE — 


DIAPAUSE INDIVIDUALS 

NON-DIAPAUSE INDIVIDUALS 
_>* A MIXED MATING 
PERCENTAGE NON-DIAPAUSE 


Fic. The succession several lines N-D stock. 


f 
0.0 226 230 
269 
233 306 909 78.0 
28.1 37.0 454 936 
($40.0 16.7 405 94) 58.6 939 $100.0 94.0 
1.6 / 9552 415 67.8 te 98.2 967 
9.8 583 776 258 1000 
me. 83.6 22s 
152 24.0 746 100.0 90.0 
269 67.3 86.9 940 966 
26 428 29.1 116 \\ 80.0 \ 977 100.0 
330 649 333 
189 414 100.0 86.7 
492 206 91.0 
126 308 50.0 100.0 932 
77.4 1000 100.0 
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illustrating pertinent points are shown, particularly the third and subsequent 
N-D generations. summary the complete data incidence non- 
diapause per generation given Table II. 


TABLE 


THE INCREASE GENERATIONS THE INCIDENCE N-D 
BEHAVIOR THE RESULT SELECTION 


Percentage N-D larvae Pupae 
Generation families Mean Range Sex ratio 
N-D 28.7 77.6 166 182 0.477 
N-D 42.0 83.8 344 385 0.473 
N-D 47.9 11.8-100.0 291 341 0.460 
N-D 68.2 115 156 0.424 
N-D 91.3 321 315 0.505 
N-D 93.7 112 0.417 
144 1329 1511 0.468 


*These values alone not represent the complete generation, but only those families from 
which N-D insects were reared become the parents all the rest the stock. 

the first three generations the N-D stocks, where the incidence 
diapause-free development was low, the small number adults available made 
necessary use them all for matings, and thus selection was for individuals 
the N-D phenotype. However, there were more adults available 
families with more non-diapause, higher incidence per family was favored also. 
Satisfactory increases were achieved the first and second generations 
which 28.7 and 42.0% the larvae were non-diapause, respectively (Table 
Fig. both generations there was wide variation between families. 

The success this selection for N-D behavior indicates that the ability 
forego diapause inherent N-D individuals. That may also carried 
sibs shown the occurrence N-D individuals among their progenies 
(Tables III and IV). However, while there was general increase the 
proportion N-D larvae progenies N-D parents, such increases were rare 
progenies parents (e.g. families 641 and 643, Table 
the great difference the time rearing the two family fractions, further 
progenies fractions were not studied. The results crosses between 
N-D and individuals are shown Table IV. 

TABLE III 


THE INCIDENCE N-D BEHAVIOR PROGENIES N-D AND 
FRACTIONS INDIVIDUAL FAMILIES 


Parental family Percentage N-D larvae progeny 

No. Percentage N-D larvae N-D parents parents 
7.4 2.0 
607 28.4 50.0 13.2 
62.5 
641 7.4 
643 8.7 2.6 
25.0 


650 24.7 45.2 26.2 
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TABLE 


NON-DIAPAUSE LARVAE PROGENIES CROSSES BETWEEN N-D INDIVIDUALS (HIGH 
FAMILY VALUE) AND INDIVIDUALS (LOW FAMILY VALUE) 


Percentage N-D insects 


Parents 
Family Progeny 

(5.0)* 77.1 3.8 
0.0 83.0 4.8 
(5.0)* 97.7 0.0 
0.8 100.0 
100.0 
3.8 82.9 3.0 
0.0 82.9 

Mean 88.3 
100.0 34.4 
100.0 10.0 
0.0 
100.0 0.8 
97.7 3.0 3.0 
93.8 0.0 

Mean 98.6 11.3 


*Estimated maximum values. 
crosses. 


All second generation N-D adults were mated yield the third generation. 
This time, however, only slight increase the incidence non-diapause 
resulted (Table although individual values high 100% were attained. 
improve the average incidence diapause-free development further, was 
necessary practice more critical selection. This step was also necessary 
curtail the size the rearings. Since the first larvae wander had 
fed before their family’s value could determined, all families had kept 
temporarily. After weeks, when about 90% the wandering had occurred, 
the poorer families were discarded, leaving only the better families for rearing 
and for matings. From the final assessments the gauze-parafilms, 
appeared that this method elimination only rarely resulted the rejection 
valuable parents the fourth and subsequent N-D genera- 
tions came only from these chosen families which most the larvae deve- 
loped without any diapause. This more critical selection gave the desired 
results, that generation the over-all incidence N-D larvae rose above 
90%, with some families completely diapause-free. has been maintained 
this level for several generations but, although showing slight improvements, 
has still failed reach the maximum generally. 


DIAPAUSE-FREE DEVELOPMENT 
Length Photoperiod 
The failure fractions some N-D families exhibit the expected N-D 
behavior the insectary suggested that the conditions which the larvae 
were subjected might have important influence their behavior. 
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about the same time, the percentages N-D larvae many families 
generation were lower than was expected from their parental values (see 
Table and Fig. This partial failure coincided with the use light-table 
space that received light only during working hours, and directed attention 
the possible effects duration and intensity illumination the 
incidence N-D behavior. Photoperiod, fact, important, 
and adequately explained the anomalies mentioned, that the effects 
other environmental factors, such temperature and relative humidity, 
only little further attention. Subsequent elucidation the 
photoperiod requirements, reconsideration the experimental conditions 
that prevailed during the early phases the selection showed these have 
been adequate for all stocks except part generation mentioned. 

The effects length photoperiod the incidence diapause-free 
development number families N-D generation are shown Table 
Whereas continuous light almost all larvae (91.5%) vacated their 
hibernacula, was expected, the dark 12-hour photoperiod scarcely 
any larvae wandered from their shelters (0.5 and 2.6%, respectively). The 
response the continuous low-intensity light (70%) was somewhat less than 
the higher intensity light, partly owing the effect the mean two 
families which only about 50% the larvae left their hibernacula. The 
estimated light intensities received family fractions this experiment have 
been plotted against their responses (Fig. this graph can seen 
that the incidence diapause-free development family was related, 
least the lower light intensities, the amount illumination which 
received. All families which the response was less than 80% had received 
lower intensities light, and the very low response the two families 


TABLE 


THE INCIDENCE DIAPAUSE-FREE DEVELOPMENT SELECTED STOCKS DETERMINED 
THE ILLUMINATION (SPLIT-FAMILY DESIGN) 


Photoperiod: hours light per hours 


24-‘high’ 24-‘low’ 
Number 
Type behavior families Mean percentages 
Total wandering 3:3 9.8 92.2 72.8 
Vacating hibernaculat 0.3 2.6 91.5 71.0 


*Expressed percentage the total number second-instar larvae. 


data only. 
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mentioned can, indeed, attributed the low intensity light that they 
received. Since almost half the families treated the tungsten light gave 
responses equal those illuminated the fluorescent light, seems doubtful 
that the spectral differences between the two sources had any important effect 
the results. 


MEAN INCIDENCE OF NON-DIAPAUSE AND 
RANGE OF VARIATIONS IN LIGHT INTENSITY 
WITHIN THE LIGHT INTENSITY CLASS 


PERCENTAGE NON-DIAPAUSE 


TUNGSTEN FLUORESCENT 


LIGHT FOOT CANDLES (LOG SCALE) 


Fic. relationship incidence diapause-free development the intensity 
continuous illumination. 


The results the experiment shown Table and two similar experi- 
ments have been used prepare Fig. which summarizes the present 
knowledge the effect the length photoperiod the incidence non- 
diapause this species. Thus all photoperiods hours less very few 
second-instar larvae vacated their hibernacula, even these selected stocks. 
Longer photoperiods induced considerable incidence diapause-free 
development, the maximum response only occurring, however, 
continuous light. 


Non-spinning—a Further Modification 

After several N-D generations began notice, mentioned earlier, that 
occasionally insect reached the second instar without contructing 
hibernaculum. The incidence this ‘non-spinning’ (N-S) behavior increased 
until formed appreciable part the wandering insects the seventh and 
succeeding N-D generations (Table V). The ability these insects feed 
and proceed with their development has led consider them further 
deviation from the normal behavior, rather than distinct phenomenon. 
They are accordingly shown subdivision the N-D insects Fig. 

Non-spinning also appears inherited character, and thus susceptible 
selection, although special attempt has been made this direction. 
several lines, many 100% the individuals family failed spin, 
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although the 10th and 11th generations (Fig. 9), the over-all incidence was 
about 20%. The general pattern inheritance N-S behavior very similar 
that N-D itself. For example, five sib matings from family which 
21% the second-instar larvae had not spun hibernacula, the values ranged 
from 20% 80%, while from similar family with 30% the values ranged 
from to19%. contrast family performance may well explained 
the difference between the phenotypes the parents, since effort was 
made discriminate between them. 


NON-SPINNING 


80 


> 


OIAPAUSE 


PERCENTAGE DIAPAUSE 
PERCENTAGE NON-DIAPAUSE 


20 


MORTALITY 


100 


° 4 20 24 


HOURS LIGHT PER DAY 


Fic. Effects length photoperiod the incidence selected stocks the 
three types behavior: diapause, non-diapause, non-spinning. 


interest that some larvae developed without spinning hibernaculum 
all photoperiods, well complete darkness (Table V), when this 
behavior was almost times common typical non-diapause. the 
12-hour light, N-S behavior was also more frequent than vacating hibernacula. 
The increased incidence N-S behavior photoperiods above hours 
(Fig. may partly explained its higher incidence the 10th and 11th 
generations, but may also indicate that this behavior partly controlled 
length photoperiod. There may then two types N-S individuals— 
those that not spin under any condition and those that spin hibernaculum 
only when the photoperiod shorter than hours. Since the data are 
rather scanty this distinction must considered only tentative. 


Sensitive Period 

the genetically-controlled non-diapause the silkworm egg, has been 
shown that the treatment the maternal parent the egg and early larval 
stages determines the reaction its progeny (21). Since was relatively 
easy select the N-D strain the spruce budworm and demonstrate the 
importance photoperiod suppressing diapause it, seemed improbable 
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that the behavior family depended the treatment the mother. 
Further evidence against any such maternal influence may seen the 
reversion N-D behavior shown the progenies potential N-D parents 
that had been prevented from developing short photoperiods (see 565). 
was therefore interest identify the time during which the young larva 
was responsive length photoperiod. 

Preliminary tests indicated that light-conditions during the egg stage had 
little effect the incidence wandering. Tests compare the effects 
intermittent and continuous light different times during the first and 
second instars are still incomplete, but from the results hand, appears 
that the latter half the first stadium critical time. For example, 
hours darkness during the third and fourth days prevented all but 28.7% 
the larvae one half-family from developing, compared the diapause- 
free development all the other half held continuous light. There are, 
however, indications that limiting the photoperiod hours any time 
during the first instar will decrease the response. Further tests are necessary 
define the critical period fully. 

Effects Temperature 

simple experiment showed that the incidence N-D behavior also 
influenced temperature. From each several families the 12th N-D 
generation, two egg masses were selected and placed individual Petri dishes. 
Upon hatching, these were transferred light-table rearing chamber 
maintained 58° The control portions were placed light-table the 
rearing room 

addition the expected lower rate development, two important 
effects the lower temperature were noted (Table VI). The first was the 
increased mortality first-instar larvae, amounting four times that 
normal temperatures. Secondly, whereas the controls the expected 95% 
developed without diapause, the lower temperature only slightly more than 
50% did so. Since the percentage insects 58° was proportionately 
greater, appears that the results represent actual suppression diapause- 
free development the lower temperature, and not simply the greater 
susceptibility this temperature first-instar larvae that were potential 


TABLE 


EFFECT POSTHATCHING TEMPERATURE SUBSEQUENT DEVELOPMENT AND 
BEHAVIOR N-D FAMILIES (SPLIT-FAMILY DESIGN) 


Temperature from time hatching 


58° 71° (control) 
Survival second instar hatched larvae) 59.6 89.9 
larvae total seconds) 41.2 3.0 
N-D larvae total seconds) 58.5 95.7 
Mortality seconds (%) 0.4 1.3 
Mean time wandering (days after hatch) 16.1 (9.3)* 


*This value calculated from the results presented Fig. 


‘ 
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non-diapause. There was some non-spinning both temperatures, but the 
data are inadequate indicate whether this behavior also controlled 
temperature. Nor yet know the nature the interrelationships 
between the effects photoperiod and temperature the incidence 
diapause-free development. 


(v) Effects Cold Storage 

The Petri dishes from the experiment summarized Table containing 
family fractions whose N-D behavior had been largely suppressed the 
suboptimal light treatment, were placed cold storage after the usual interval. 
After weeks 32° F., adequate treatment (21), this material was 
returned the rearing room, placed over fresh food, and permitted emerge. 
‘Overwintering’ survival, establishment, and rearing performance equalled 
those normal stocks (Table VII), but the last two were somewhat below 


those N-D stocks. 
TABLE VII 


COMPARISON REARING PERFORMANCE N-D AND POTENTIAL N-D FRACTIONS 
N-D FAMILIES. THE DIAPAUSING FRACTIONS SPENT 12-13 WEEKS 32°F. 


No. Percentage Percentage 
second-instar seconds established established seconds 
Portion family larvae food become adults 
Non-diapause 661 70.3 53.8 
Diapause (potential N-D) 467 34.9 45.4 


Whether diapause-free development would recur the progenies this 
‘overwintered’ material and, so, what extent, were questions great 
importance. progenies matings tested, 88.1% the larvae developed 
without diapause, compared with 92.8% the parental generation; this 
difference not significant. Thus there was loss the ability larvae 
wander under the proper light conditions despite the treatment their 
parents—a further indication the genetic nature this character. 


REARING PERFORMANCE N-D Stocks 


have found convenient measure the rearing performance 
budworm stocks the percentage second-instar larvae established food 
that reach maturity. Losses during this period are attributable poor food, 
accidental death, and the occurrence second diapause. general, the 
rearing performance N-D stocks equalled that normal insects and 
potential N-D individuals permitted diapause short photoperiods 
(Table The yield adults for all wandering stocks was 60% and 
showed deterioration after seven N-D generations. appears that once 
larvae become established food their subsequent fate largely independent 
prior treatment. 
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laboratory rearings, the chief losses occur before the establishment 
overwintered insects food. The same conclusion was reached Stehr 
(21), who suggested that losses during hibernation formed the major part 
this mortality. was expected, then, that rearing insects without hibernation 
would reduce mortality and thus greatly increase efficiency. Some increase 
did result, that productivity attained values high eightfold the first 
and second N-D generations, based the wandering fractions only. The 
best productivity reported Stehr was sixfold. appears, however, that 
most the increase resulted from the very high establishment survival (87%) 
N-D insects. The losses before establishment this stock were due the 
failure appreciable proportion the eggs hatch, 
particularly common laboratory stocks. Smaller losses resulted from 
unsuccessful matings and from the failure first-instar larvae complete 
their development and molt. Other experiments, the results which will 
published separately, have shown that with optimal storage times mortality 
during hibernation quite small. 

the first two N-D generations, increase productivity resulted 
spite the use the calculations only the small N-D fractions these 
families. was expected, therefore, that when selection yielded families 
virtually without diapause, the productivity would show further substantial 
increases. Such was not the case. Despite the mounting proportions 
N-D insects and the absence any deterioration establishment and rearing 
survival, the productivity remained steady during the succeeding generations. 
The increases size the N-D portions were completely counterbalanced 
progressive decreases mating success, fecundity, and survival first-instars. 
progressive increase development time accompanied these changes. 
There evidence that these changes are associated with the N-D character 
itself. They seem rather the inevitable result selection and, thus, 
illustration ‘inbreeding depression’ (14) such might occur any 
selected stocks. The possibility remains that the general lowering vigor 
may attributed nutritional deficiencies resulting from the continuous 
use frozen food. 


Discussion 


Populations spruce budworm Eastern Canada are generally considered 
strictly univoltine, and this appears effectively true. seems 
probable, however, that the field low incidence two other types 
development may exist. 

The first these, the ability develop without diapause, has been found 
heritable character, the manifestation which controlled the 
length photoperiod which the insects are subjected during the early 
larval period. These larvae behave normally during hibernaculum construc- 
tion and molting, but then they vacate their shelters and are able continue 
development provided with food. Under the proper conditions the 
laboratory this fraction behaves multivoltine race, the generations following 
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one another without any periods arrested development. Although photo- 
periods long enough induce some N-D development are experienced 
Eastern Canada during the sensitive period, other selective environmental 
factors restrict the incidence this phenotype natural populations very 
low levels. 

the second type unusual development, typical certain budworms 
British Columbia, larvae enter two periods diapause successive winters 
that years are required for the completion generation. This behavior 
has not been encountered the field Eastern Canada, but, since has 
been recorded from stocks reared the insectary and the laboratory, 
may occur naturally. Nothing known the nature this behavior 
the conditions controlling it. 

The natural occurrence some N-D families univoltine species has 
been reported for several insects. Slifer (19) reported the presence few 
N-D eggs normal population Melanoplus differentialis (Thos.). The 
subspecies gallica (Rem.) Locusta migratoria was described Remaudiére 
(17) having true embryonic diapause the gregarious phase. Recent 
studies Berre (10) verified later report Remaudiére (18) that 
some cases development the eggs proceeded without interruption under 
natural conditions. Among other orders there are several species which 
few individuals escape the obligatory diapause typical the species (11). 
The present study appears the first show the occurrence diapause- 
free development the spruce budworm. 

continued selection, strain budworm has been obtained that 
virtually free from the normal diapause. However, diapause-free develop- 
ment still dependent photoperiod even after generations. This strain 
resembles the natural populations Euproctis chrysorrhoea (L.) and other 
lymantriid moths that, despite their strict univoltine behavior nature, have 
been found sensitive photoperiod these species, the 
budworm, extreme long-day conditions, i.e. photoperiods hours longer, 
are necessary prevent diapause, hence they are classified ‘long-day’ 
species. Most long-day insects show the same reaction continuous light 
continuous dark: absence diapause Acronycta rumicis (L.) 
(4), Grapholitha molesta (Busck) (5), and Antheraea pernyi Guer. (22), 
complete diapause chrysorrhoea and other lymantriids several 
species this reaction has been interpreted showing that both light and dark 
phases are involved the control diapause (11). The different reaction 
the budworm this respect raises the question, yet unanswered, whether 
the duration both dark and light phases are equally important the control 
its diapause. known that the photosensitive period short and occurs 
about week before the effect can determined. 

The literature provides several other reports genetic differences 
response based the selection strains differing from the normal 
extensive study the European spruce sawfly, Diprion (Gilpinia) hercyniae 
(Htg.), which univoltine the northern extremes its range and bivoltine 
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farther south, Prebble (16) was able select strain essentially without 
diapause that was reared continuously the laboratory. reported, 
however, the presence small incidence diapause even lines reared 
continuously for more than generations. Similarly, there still small 
percentage diapause the 12th generation the N-D budworm stocks. 
(It interesting note that several lines the sawfly have been reared 
Sault Ste. Marie Bird for least generations and are now 
apparently diapause-free.) The report the selection N-D strain 
Ephestia elutella Hbn. repeated interbreedings the few individuals that 
escape diapause higher temperatures also interest; this strain almost 
complete reversion behavior followed slight decrease (3° C.) the 
rearing temperature slight decrease the starch content the diet (24). 
example selection the reverse direction afforded the report the 
isolation univoltine strain the normally bivoltine silk moth 
Berre (10) reported the selection from wild collections gallica, 
which normally enters diapause, strain that develops without any rest 
period. There are some strong similarities between the nature the diapause- 
free development this locust and that the budworm, both natural 
occurrence and reaction selection. The general pattern occurrence 
the locust remarkably like that the budworm (Fig. except for the 
apparent absence the latter any ‘intermediate diapause’. Berre 
found that several instances 50% the eggs one ootheca developed with- 
out interruption, although most cases there were only few scattered 
emergences; the over-all. frequency was only about 1%. the locust the 
ability develop without diapause also genetic nature and may accord- 
ingly increased selection; the sixth generation, one line least was 
completely without diapause. Both species responded selection 
similar manner, the earlier generations being marked extreme variations 
between families, even between progenies sibs (cf. Fig. 7). Berre 
remarked (10) that N-D parents could produce progeny, was also found 
for the budworm. Consequently, until selection has been carried out for 
several generations, is, both species, impossible forecast the behavior 
progenies from that their parents. These similarities and the generally 
similar response selection other insects (11, 16, 22, 24) suggest that the 
genetic basis diapause-free development many insects may alike. 
Some information available concerning the nature the inheritance 
the N-D character the budworm. number matings were made between 
N-D individuals from high N-D families and individuals from low N-D 
families. shown Table IV, the behavior these progenies was 
independent their parental type, and the direction the cross. was 
evident from such crosses that the character not sex-linked. Other studies, 
still progress, have revealed small, but significant, excess males the 
N-D fractions the stocks (cf. Table and corresponding excess females 
their portions. This attributed sex difference the response 
the conditions that suppress behavior, and may indicate that the tendency 
wander some extent sex-controlled. 
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The behavior the N-D character the budworm during the period 
selection indicated multifactorial determiners, has already been suggested 
for the locust (11). Several analyses the data were made attempt 
determine the number and nature the genes involved, but with limited 
results. survey all the values for percentage N-D larvae failed 
reveal any segregation according major gene general, the 
percentages the progenies sib pairs tended approach the parental 
value. Inanumber more distant crosses there was apparent relationship 
between the values and the size the difference between the values the 
parent families. However, since progress the selection the N-D strain 
was relatively rapid, there may only small number genes involved 
this species, also suggested for gallica (11). The failure obtain 
completely diapause-free stock despite the uniform experimental conditions, 
the continued selection, and the high degree inbreeding involved consistent 
with the probable multifactorial nature N-D behavior. Further evidence 
for polygenic system that provides for series graded phenotypes found 
the incomplete wandering response photoperiods longer than hours 
but yet still short continuous light (Fig. 8). 

Incomplete penetrance, describing the sitution where gene does not always 
find expression, may indicated for one several the genes responsible 
for the N-D behavior. known that such cases penetrance can 
dependent the general genetic background, environmental conditions, 
both. Because the impossibility determining the genotype the 
individual budworm, critical studies the genetic mechanism involved the 
inheritance the ability forego diapause have been 
mental conditions, however, have been found influence strongly the 
phenotypic frequency N-D behavior. 

The inheritance diapause Bombyx mori L., the species that has been 
studied most extensively, has been shown several Japanese workers be, 
beyond doubt, multigenic. The results these detailed studies have been 
summarized recently Lees (11, 12). this species the inheritance 
voltinism carried three sex-linked alleles and three autosomal genes, 
the former showing complete epistasis whereas the effects the latter are 
cumulative. The response family depends, then, the total ‘hibernating 
value’ its gene complement, which can the influence 
temperature the induction the silkworm, conditions 
temperature and some cases photoperiod exert their effect during the egg 
and early larval stages the maternal parent, the results not being apparent 
until the egg stage the progeny. has been possible breed series 
stocks that show graded response temperature, ranging from 
voltines (no apparent diapause), through bivoltines, univoltines (virtually 
obligatory (11); all intermediate responses are represented. 
interesting speculate that the different types development the spruce 
budworm may represent situation analogous that the silkworm. 
Thus, two diapauses (demivoltine), normal diapause (univoltine, apparently 
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independent environment), typical non-diapause (multivoltine, dependent 
photoperiod), and non-spinning (dependent independent photo- 
period), may the manifestation the different genetic constitutions 
‘hibernating values’ the individuals that show them. 

The ultimate site and mode action the genetic control diapause are 
incompletely understood. Lees says (11) ‘‘there clear evidence that genetic 
control exercised through shift the reaction the receptor mechanism 
the environmental would appear that this also the case 
the spruce budworm. Thus selecting the N-D strain the actual selection 
was for the phenotype with higher sensitivity length photoperiod. 
That interaction several factors may involved shown the smaller 
response the N-D strain photoperiod the lower temperature. The 
importance other environmental factors still undetermined. 

have concluded that the normal wild budworm can still considered 
have strictly obligatory diapause. Does this mean that the complex 
behavior pattern the newly-hatched insect inherent and that 
mechanism not for its inititation, commonly assumed 
such cases (11)? Lees prefers the alternative possibility that these insects 
the ‘‘receptor mechanism present and fully but that range 
stimuli that are diapause inducing has become broad that the insect can 
rarely escape this (12). Indeed, seems probable that the 
receptors, sensitive length photoperiod, are present not only the 
N-D insect, but also the insect. Preliminary experiments indicate that 
some first-instar larvae from normal, unselected lines will begin feeding when 
subjected long photoperiods under certain conditions and, therefore, possess 
the necessary receptors during the critical period. 

may be, then, that the normal budworm does not escape diapause because 
condition outside the ‘broad range’ never encountered. From the nature 
its logic this cannot disproved; is, moreover, imposible distinguish 
from the alternative explanation unless some such exceptional condition 
can found. laboratory survey wide range photoperiod relation- 
ships has failed reveal any condition that will ensure N-D behavior wild 
budworm. possible, view its apparent presence, that the receptor 
mechanism sensitive length photoperiod required for, and functions in, 
the initiation diapause wild budworm. But, the absence any 
evidence the contrary, may still concluded that the normal behavior 
inherent and followed most larvae without any action the photo- 
period receptor system. Further studies the differences between the 
and N-D strains might prove value understanding the genetic 
control voltinism. 

The initial increase productivity attainable through rearing N-D stocks 
considerable advantage. even greater value the possibility 
continuous rearings, since cold treatment required. For the rearings 
described herein, the average time per generation was is, there- 
fore, possible rear five six generations year, contrast the 
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two three possible with normal material the laboratory, one 
generation the field. Where the object the rearing genetic studies, 
the results which depend data from several generations, the greater 
speed possible with N-D stocks invaluable. The use N-D stocks has 
already facilitated the study the new ‘red-eye’ mutation the spruce 
budworm (20). 

The usefulness N-D stocks increased the their 
behavior control photoperiod. When longer convenient rear 
stocks continuously, diapause-free development may prevented omitting 
the light-treatment and placing the insects cold storage. doing, their 
full genetic capacity for non-diapause unimpaired and reappears the next 
generation exposure the proper light-treatment. 
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SOME PELAGIC POLYCHAETA FROM THE NORTHEAST 
PACIFIC NORTH LATITUDE 40°N. AND 
EAST LONGITUDE 175° 


BERKELEY AND BERKELEY? 


Abstract 


Two species (Otopsis longipes Ditlevsen and Epidiopatra hupferiana Augener) 
new the Pacific Ocean and four new north latitude 40° (Phalo- 
crophorus pictus Greef, Plotohelmis tenuis (Apstein), Tomopteris Rosa, 
and Travisiopsis lobifera Levinsen) are recorded. Four others, one which 
(Typhloscolex miilleri Busch) was taken more northerly latitude the 
northeast Pacific than previously, are also listed. 


Introduction 


During the years 1955 and 1956 the vessels engaged the survey activities 
the Fisheries Research Board Canada the northeast Pacific collected 
plankton samples number stations. were entrusted with the 
examination the polychaetes secured. This paper contains records the 
species which have been identified together with those few others collected 
independently. 

All but one the samples were taken open nets towed from known 
depth the surface, that the exact depth any particular capture cannot 
given. All were taken during the summer months (June August). 

The collection comprises species, two which (Otopsis longipes Ditlevsen 
and Epidiopatra hupferiana Augener) are new the Pacific Ocean and four 
(Phalocrophorus pictus Greef, Plotohelmis tenuis (Apstein), Tomopteris 
Rosa, and Travisiopsis lobifera Levinsen) new the eastern side that ocean 
north latitude 40° the remainder, one (Typhloscolex miilleri Busch) 
was taken more northerly latitude than previously the northeast 
Pacific. 


Phyllodocidae 


Phalocrophorus pictus Greef. Fauvel (9, 196) 
Key West II: 56° lat., 140° 07’ long., 

single specimen 6.7 mm. long agrees with both Fauvel’s description and 
those Reibisch (14, 10, and 15, 2). 

The species has been recorded from the Pacific under the name maculatus 
Treadwell (17, 34), which Hartman (11, 276) shows synonym 
pictus records extend far north latitude 40° 
off the coast California, and Uschakov (19, 294) records the species from 
about the same latitude off the coast Japan. The distribution now 
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extended considerably farther north the Pacific. the Atlantic single 
instance its occurrence far north latitude recorded 
(Reibisch (14, 10, and 15, 2)), but the main distribution south 
latitude 40° 

Otopsidae 


Otopsis longipes Ditlevsen. (8, 67) 

The genus was established the sole representative family, 
Otopsidae, Ditlevsen (8, 67), 1915, with the present species type. 
The description was based two fragments incomplete specimen taken 
off the southwest coast Iceland 843 fathoms. The only subsequent 
record until the present one that variety pacifica, taken Uschakov 
(18, 202) the Okhotsk Sea The distinguishing character 
that variety absent from the present specimen, which was collected 
deep haul, from about 200 fathoms surface, the Gulf Georgia 
(approximate bearings 49° lat., 123° 50’ long.) 1927. Its identity has 
only recently been established. agrees completely with Ditlevsen’s account 
except that there are setae, which does not mention, beneath the single 
cirrus the segment immediately following the buccal segment. 
incomplete posteriorly. The cephalic region followed segments and 
these jointly measure about mm. preserved. The body width about 
are present the body cavity. 


Alciopidae 
Plotohelmis tenuis (Apstein) 
Corynocephalus tenuis Apstein. Apstein (1, 14) 
Key West II: 52° 00’ lat., 137° 50’ long., m.; 
46° 08’ lat., 127° 01’ long., 
43° lat., 125° 03’ long., 
51° 51’ lat., 132° 00’ long., 150-0 
44° lat., 127° 02’ long., m.; 
42° 05’ lat., 127° 35’ long., 


This the species most frequently taken the collection with the exception 
the Tomopteridae. All the specimens are fragmentary and usually much 
curled, but several fragments reach least mm. length preserved. 
The maximum width about 0.5 mm. excluding the parapodia. The 
specimens agree all respects but one with Apstein’s description Coryno- 
cephalus tenuis, the distinctive characters being the eyes, which are set such 
way that their axes meet right angle, the long parapodium carrying 
bunch very long and slender capillary setae, and narrow dorsal cirrus. 
They differ from the description having least some the capillaries 
composite. The terminal pieces are extremely attenuate and difficult see 
and some the junction cannot determined with certainty. The genus 
Plotohelmis Chamberlin (6, 143) characterized having composite setae. 
Dales (7, 439) transfers the species this genus and says the commonest 
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alciopid the surface waters off California. His and the present records are 
the only ones from the Pacific area. Corynocephalus tenuis recorded 
Apstein (1, pp. and 26) from the south Atlantic and Mediterranean. 


Callizona angelini (Kinberg). Fauvel (9, 215) 
New Glasgow: 51° 58’ lat., 169° 40’ long., 150-0 

single example about mm. long and about mm. wide over the setae 
the widest point preserved. complete and typical. Considerable 
brown coloration remains the dorsal surface with darker intersegmental 
lines and segmental glands. The ventral surface yellow. The eyes are 
reddish brown. 

This species was originally described Kinberg (12, 243) under the 
generic name Kronia from the southern Pacific Sea, latitude 
has since been recorded from southern Pacific latitudes Rhynchonerella 
(11, 277) and have recently identified pelagic material taken off 
the northwest coast South America Mr. Klawe the Inter- 
American Tropical Tuna Commission (unpublished). 

The first two records from the northern Pacific are those Berkeley (3, 
76) taken tows from 100 fathoms and fathoms surface respectively 
off Vancouver Island (approximate bearings 50° lat., 125° long.). More 
recently further specimens have been recorded tows the same region 
(unpublished). The present find only little farther north, but considerably 
farther west. Dales (7, 439) records the species Rhynchonerella from 
Monterey Bay and latitude 45° 

The species recorded the Atlantic far north latitude 60° 
(Apstein and Table 8). known from the coast Ireland 
(Southern 16, 4), the Mediterranean, and the Indian Ocean. 


Tomopteridae 


Tomopteris septentrionalis Fauvel (9, 226) 

This far the commonest species the collection. has been found 
samples from over 150 stations distributed throughout the region covered. 
Atlantic area. Our northernmost record from latitude 58° and our most 
westerly from longitude 170° have indicated only these two stations 
the annexed distribution chart avoid overcrowding it. Many the 
examples examined have pigmented hyaline glands described Wesenberg- 
Lund (20, Some are unusually large, running much mm. 
length. Uschakov (19, 282) records the species from about latitude 
60° the Bering Sea and Treadwell (17, Map from about latitude 50° 
off the Aleutian Islands. Dales (7, 440) finds the commonest tomopterid 
the Monterey, California, region. 


Tomopteris Rosa. Fauvel (9, 222) 

Challenger: 48° 49’ lat., 126° 40’ long., m.; 
48’ 38’ lat., 126° 32’ long., m.; 
52° 00’ lat., 132° 00’ long., 
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Key West II: 43° lat., 125° 03’ long., 
54° 00’ lat., 137° 30’ long., m.; 
50° 00’ lat., 140° 00’ long., m.; 
53° 06’ lat., 139° 56’ long., 


This species new the region. far less common than septen- 
trionalis. was accompanied examples that species the last four 
the stations enumerated above, but the others only cavallii was secured. 
Probably this without significance. The yellow coloration the pinnules 
which Southern (16, 29) refers was marked characteristic some 


the specimens. 


Tomopteris (Johnstonella) renata Berkeley. Berkeley (4, 26) 

remarkable that this species not the collection. Hitherto has 
been taken the eastern side the north Pacific only fairly closely inshore, 
and this may determining factor. Uschakov (18, 110), however, 
records off southeast Kamchatka, Okhotsk Sea, and Bering Sea, all from 
considerable depths. Dales (7, 440) has taken pacifica Izuka off 
Monterey, California, and regards synonymous with renata Berkeley. 
doubt this synonymy. The most conspicuous difference the posterior 
region the renata there abrupt transition from the body 
region the tail, which consists segments with rosette-like pigmented 
spots the base each. pacifica the body region tapers gradually into 
the tail which has segments with pigment spots eight. Moreover 
renata very much larger than pacifica, has more body segments, and 
there are differences the lengths the first pair tentacular cirri relative 
the tentacles and those the second pair relative the body length. 
Uschakov (19, 285) records both renata and pacifica from the north- 
west Pacific, the former fairly commonly north latitude 50° N., the latter 
single instance about latitude 45° 


Typhloscolecidae 


Typhloscolex miilleri Busch. Fauvel (9, 226) 

Ste. Thérése: 50° 50’ lat., 160° 59’ long., and 200-0 m.; 
51° 13’ lat., 167° 58’ long., 

Challenger: 55° 43’ lat., 140° 21’ long., surface. 


This species has rarely been reported from the north Pacific area. The 
first records are those Berkeley (3, 76) from the west coast Vancouver 
Island. One these was taken depth haul from fathoms off Cape 
Beale, the other surface tow off Nootka. 

Only single individuals mm. and mm. long) were obtained from each 
the plankton collections from which the present examples were derived. 
The first, taken closing net, was certainly secured depth least 
200 m., the second, tow from 100 the surface, may have been caught 
anywhere from 100 upwards, and the third was taken the surface. 
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Recently Dales (7, 442) has reported single specimen from Monterey, 
California, and others from north that locality. Uschakov (18, 112) 

records the species from the southeast coast Alaska and, from approximately 

the same latitude the present records, from the northeast Pacific (19, 286). 
miilleri characteristic warm seas. widely distributed 

the Atlantic south latitude 40° The most northerly record that 
ocean off Newfoundland about the same latitude the present records 


(Reibisch (14, 8)). 


150° 130° 


Fic. Chart illustrating the distribution the species recorded (excepting Otopsis 
longipes Ditlevsen and Epidiopatra hupferiana pictus Greef. 
Plotohelmis tenuis (Apstein). Callizona angelini (Kinberg). Tomopteris septen- 
trionalis. Quatrefages (extreme north and west stations only). Tomopteris cavallii 
Rosa. miilleri Busch. Travisiopsis lobifera Levinsen. 
Travisiopsis lobifera Levinsen. Fauvel (9, 229, and 10, 66) 
New Glasgow: 51° 21’ lat., 149° 21’ long., 

single well preserved example this species mm. long, 1.5 mm. 
wide, and consists segments. The characteristic cordiform cirri are 
complete. specimen has color preserved. The prostomium 


pointed, the anal cirri short and subcircular. 


Fic. Epidiopatra hupferiana, fifth parapodium. 
170° 
» 
of 
170° 150° 130° 
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Chamberlin’s description (6, 155) Plotobia simplex agrees closely with 
the present species; Fauvel (10, 66) regards them probably synonymous. 
this the earliest records the Pacific are from the neighborhood the 
Galapagos Islands. Dales (7, 442) states that ‘‘the commonest species 
Travisiopsis Californian Uschakov (19, 286) records the 
northwest Pacific about 40° lat., 155° long. The present the most 
northerly Pacific record. known from the Azores, Canary Islands, the 
Mediterranean, and the Arabian Sea (10, 67). 


Eunicidae 


Epidiopatra hupferiana Augener. Augener (2, 355) 
Loligo: 54’ 10’ lat., 130° 40’ lat., feet. 

The capture this specimen has already been recorded (5, 748). The 
genus rare one, the only previous records its occurrence being off the 
west (2, 355) and the south (13, 125) coasts Africa. pelagic 
representative has never previously been encountered. repeat the record 
here because its interest these respects and illustrate the remarkable 
branchiferous parapodium. 
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U.S.S.R., Keys the fauna the U.S.S.R., No. 
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NOTES 


NOTE THE PHYLOGENETIC SIGNIFICANCE PREDATORY 
HABITS THE OPHRYOSCOLECIDAE 
(CILIATA OLIGOTRICHA) 


GEORGE LUBINSKY 


Discussing food habits the hypothetical free-living ancestors the 
Ophryoscolecidae, Dogiel (1) writes: 
“Their food was mixed. They swallowed small detritus particles, 
spores, etc., without neglecting other small Protozoa. Such partially 
predatory habits are suggested cases cannibalism regularly 
recurring some species Entodinium (E. vorax) and Anoplodinium 

(A. costatum, rangiferi), which feed smaller species Ento- 
dinium. especially worth noting that such feeding smaller 
infusorians met with exclusively Entodinium and 


dinium, that lower Ophryoscolecidae. 


The higher representa- 


tives the family, although large bulk and seemingly better 
adapted for swallowing their smaller relatives, have never been 


observed this. 


Consequently predatory habits are 


considered survival the ancient mixed mode feeding 
possessed free-living ancestors 
Studying Ophryoscolecidae Canadian reindeer and domestic 
ruminants the Punjab have seen numerous cases predation the 


higher Ophryoscolecidae. 


Table 


Predator 


Diplodinium rangiferi 


Eudiplodinium maggii 
Metadinium tauricum 
Metadinium medium 
Enoploplastron confluens 
Ostracodinium trivesiculatum 
Elytroplastron bubali 

“ 


“ “ 
Polyplastron multivesiculatum 
“ “ 

“ “ 


Epidinium gigas 


Can. J. Zool. 35 (1957) 


TABLE 


Prey 


Entodinium anteronucleatum 
Dasytricha ruminantium 
Entodinium sp. 
Ostracodinium trivesiculatum 
Eudiplodinium 
Entodinium sp. 
Entodinium aculeatum 
Entodinium spp. 
Entodinium bifidum 
Metadinium rotundatum 

“ 


triloricatum 
Ophryoscolex caudatus 
Entodinium spp. 
Entodinium anteronucleatum 
Dasytricha ruminantium 


Some these observations are summarized 


Host 


Rangifer tarandus 
“ “ 


Capra hircus 
Bubalus bubalus 
“ “ 


Rangifer tarandus 
Bubalus bubalus 
“ 


Ovis aries 
Capra hircus 
“ “ 


Rangifer tarandus 
“ 


“ “ 
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These observations show that accidental predation common trait 
many genera and species the higher particularly the 
Diplodiniinae, subfamily specialized feeding cellulose 
occurs mostly species with considerable body-size, e.g. Metadinium 
tauricum, medium, Polyplastron multivesiculatum. the middle- 
sized Elytroplastron bubali resorts predation even more often than Meta- 
dinium. Predation rare the Ophryoscolecinae, which are basically 
starch feeders (2). have seen only Epidinium gigas—the largest 
species this subfamily present our material. 

The prey these occasional predators consists predominantly spineless 
species although few cases ingestion spined Entodinium and even 
Ophryoscolex caudatus were seen. The significance the caudal spination 
the ophryoscolicid ciliates defence against predators was discussed 
Poljansky and Strelkow (3). 

Despite thorough search have not seen cases predation middle- 
sized species Diplodinium str. (Dogiel’s Anoplodinium), dentatum, 
denticulatum, and anacanthum, although was not uncommon the 
large-sized rangiferi. Predation was usual Entodinium longinucleatum 
and bursa—two species which may regarded semispecialized predators. 
have observed that the large-sized bursa engulfs not only Entodinium 
but also some the smali and middle-sized higher Ophryoscolecidae, e.g. 
Ostracodinium tenue, Enoploplastron triloricatum, and even Elythroplastron 
bubali. have not seen cases predation small species Entodinium. 

Accidental predation the primitive genera, Entodinium and Diplodinium 
str., thus proper species with considerable body-size, the case 
the higher Ophryoscolecidae. Progressive increase body-size the course 
the evolution this family well-known fact, and there good reason 
believe that the free-living ancestors these ciliates were smaller than the 
existing parasitic species. The correlation between the large body-size and 
predatory food habits both the primitive and the higher Ophryoscolecidae 
does not corroborate Dogiel’s view these habits ancient physiological 
trait inherited the Ophryoscolecidae from their free-living ancestors. 
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